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C-E Underfeed Stoker (Type E)—Single- 
retort design—for boilers from 150 to 600 
rated horsepower. 


(Right) C-E Underfeed Stoker—Multiple- 
retort design—for boilers from 400 rated 
horsepower up. 

















BE SURE 


C-E Skelly Stoker Unit—Center-retort or Side-retort 
design—for boilers up to 200 rated horsepower. 


that the Underfeed Stoker you buy 
fits your requirements—EXACTLY 


There need be no compromise in your plant 
between the stoker that is best suited to your 
particular conditions and the stoker you buy. 


Within the complete range of C-E underfeed 


stokers, there is a type that will fill your re- 
quirements EXACTLY. The accompanying 


illustrations show typical installations of the 
three principal C-E underfeed types, each of 
which was especially designed for the range of 
conditions for which it is offered. 


All underfeed stokers have certain points of 
similarity. However, the discriminating buyer 
will be interested in points of difference, for 
here he may expect to find those features of 
design which assure superior performance. 
Only by evaluating these points can sound 
selection be made. 


We would appreciate an opportunity to discuss 
your stoker requirements with you and to sub- 
mit recommendations—without obligation of 
course. 
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C-E PRODUCTS INCLUDE ALL TYPES OF BOILERS, FURNACES, PULVERIZED FUEL SYSTEMS AND STOKERS; ALSO SUPERHEATERS, ECONOMIZERS AND AIR HEATERS 


COMBUSTION ENGINEERING COMPANY, INC. 


200 Madison Avenue, New York, N. Y. 


Canadian Associates, Combustion Engineering Corporation, Ltd., Montreal 












COMBUSTION 


DEVOTED TO THE ADVANCEMENT OF STEAM PLANT DESIGN AND OPERATION 





VOLUME ELEVEN 





CONTENTS 


FOR NOVEMBER 1939 


FEATURE ARTICLES 


Handling and Disposing of Recovered Fly Ash and Dust by J. T. Deutsch........... 22 
Flash-Drying Extends Limits of Prior Practice by Alfred R. Smith......... 25 
How to Interpret and Use the Individual Laboratory 
Coal Test by G. B. Gould............. 3] 
Flow Over Tube Banks Studied Photographically..................0.0. 00. c eee eee 38 
ee 50s 6.56505 hen dine dcdestncreareSarecneneesi 40 
EDITORIALS 
Dollars versus Improved Efficiency....... 0.2.0.0... ccc cece cece eee ee cece cece eeeees 2/1 
Another Step in Combating Stack Discharge......... 2... 2... ccc ccc ee ee ees 2/1 
St AG IN 5. oa. 50 v-cs-0'e.w ieee Naed Ve eeeRenWeek Ww éwnwnesenseaeas 2l 
DEPARTMENTS 


Steam Engineering Abroad—A French Rotating Boiler, Boiler Efficiency Meter, Small 
Steam Generating Unit, Power Development in Turkey, War’s Effect on London’s 
Electrical Load, French Power Statistics, Water Stored in Cement-Lined Tanks 








I ON i i on ti og ee ee ee ee ies eae £ ee oe 44 
ee BS i 6.026630 x0: hd Hake adie ke ens beaters 48 
H. STUART ACHESON, ALFRED D. BLAKE, THOMAS E.*HANLEY, 
Advertising Manager Editor Circulation Manager 


Combustion is published monthly by Combustion Publishing Company, Inc., a subsidiary of Combustion 
Engineering Company, Inc., 200 Madison Avenue, New York. Frederic A. Schaff, President; Charles 
McDonough, Vice-President; H. H. Berry, Secretary and Treasurer. It is sent gratis to consulting and 
designing engineers and those in charge of steam plants from 500 rated boiler horsepower up. To others the 
subscription rate, including postage, is $2 in the United States, $2.50 in Canada and Great Britain and $3 in 
other countries. Single copies: 25 cents. Copyright, 1939 by Combustion Publishing Company, Inc. Printed 
in U.S.A. Publication office, 200 Madison Avenue, New York. Issued the middle of the month of publication. 


Member, Controlled Circulation Audit, Inc. 


NUMBER FIVE 





The COPES 
Type A-D 
Coal Counter 





Helps build boiler efficiency. Gives an 
accurate, continuous reading of how 
much coal is fed to each stoker—indi- 
cating inefficient firing more quickly 
than any check of stoker revolutions or 
weigh larry reports. Inexpensive to 
buy, install and operate. Pays for itself 
quickly by making it easy to eliminate 
instantly operating inefficiencies. Saves 
time. The large illuminated dial is easily 
read at a distance of 30 feet. 





Only one part—a soft rubber roller, 
highly resistant to abrasion—comes in 
contact with the coal. Measurement 
continues accurate for a longer time 
than if it depended on any wearing 
metal part in, or in contact with, the 
abrasive material. Nothing to stick, or 
break off, and cause “bridging” of coal 
in the pipe. 

The COPES Counter can also be used 
to measure the quantity of other such 
granular material as cement clinker, 
crushed rock, limestone, grain or ore 
being moved through an inclined pipe. 


Write for Bulletin 411 
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WELL SATISFIED WITH THIS FLOWMATIC PERFORMANCE BECAUSE 


“No unit in our plant has 
operated with less attention” 


Results at The Cleveland Worsted Mills Company emphasize 
two good reasons why the swing is to the COPES Flowmatic 
for effective feed water regulation in modern steam plants: 
Closer water level control on all loads—increasing safety, 
permitting higher efficiency. Trouble-free performance— 
this user says, “No unit in our 
plant has operated with less atten- 
tion’’—saving time in the boiler 
room, saving money in mainte- 
nance. For the story of results 
with COPES Flowmatic on Cleve- 
land Worsted’s new Vogt boiler, 
write for Bulletin 423. For savings 
with safety on your modern boilers, 
specify the simplified COPES 
Flowmatic Regulator. 
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NORTHERN EQUIPMENT CO., 1116 GROVE DRIVE, ERIE, PA. 


Feed Water Regulators, Pump Governors, Differential Valves 
Liquid Level Controls, Reducing Valves and Desuperheaters 


BRANCH PLANTS IN CANADA, ENGLAND, FRANCE, GERMANY AND ITALY 
REPRESENTATIVES EVERYWHERE 


¥%& GET CLOSER LEVEL CONTROL WITH THE 
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Dollars versus Improved 
Efficiency 


In discussions of the present European war, reference 
is often made to the advances in aviation since the World 
War. Striking as these advances have been, they are no 
more remarkable than the progress that has been made 
in power generation during the same period. The latter, 
however, has not been so widely publicized and even 
power engineers, because of their close association with 
this progress, often fail to assess its full import. 

Considering the public utility field alone, if one were 
to apply the reduction in average fuel consumption per 
kilowatt-hour during the last twenty years to the present 
yearly output of electricity by fuel burning plants, it 
would be found to represent a saving of around two 
hundred and twenty-five million dollars in the annual 
fuel bill. In other words, it would cost that much more 
if central stations were producing their present output 
at 1919 efficiencies. This does not take into account 
initial savings through less space per unit of output and 
reduced labor. That a large part of these savings has 
been passed on to the consumer in the form of lower rates 
is often not fully appreciated. 

Unfortunately, no average unit figures are available 
for the industrial power plants, but it is probable that 
the saving in this field, through like advances in power 
and steam generation, would be comparable with those 
in the public utility field. 

Combined, these represent not only a vast annual 
monetary saving but also an outstanding contribution 
to the nation’s fuel conservation—a fact that is not 
appreciated by some public officials who preach con- 
servation through vast hydro developments at tremen- 
dous waste of public funds. 


Another Step in Combating 
Stack Discharge 


The extent of existing literature on cinder, dust and 
fly ash abatement is indicative of the vast amount of 
research and development work that has been applied 
to this subject. In contrast to many of the more or less 
hit-and-miss methods of a decade ago, the last few years 
have seen a scientific approach to the problem, resulting 
in better understanding and improved equipment. 

While the widespread use of pulverized coal firing, 
certain types of stokers and the employment of high rates 
of burning have intensified the problem during recent 
years, public relations have probably been as big a factor 
as have city ordinances in bringing about the present ex- 
tensive application of recovery equipment. This ap- 
plies to industrial as well as to utility plants. 

Heretofore, however, there has been no standard or 
generally accepted method of determining the perform- 
ance of such equipment. The prospective user was con- 
fronted with figures for different types but seldom such as 
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to render an intelligent comparison possible. In view of 
this situation, the Test Code for Dust-Separating Ap- 
paratus which is now offered by the A. S. M. E., as a part 
of the Power Test Codes, fulfills a long-felt need. It is 
the product of a large committee, representing experience 
in all phases of the work, and whose combined views 
presumably offer the most constructive thought on the 
subject. The Code will likely be subjected to a searching 
analysis at the public hearing in Philadelphia on Decem- 
ber fourth and helpful suggestions may be expected. 


Utilization of Solar Radiation 


A research program on the direct utilization of solar 
radiation is being conducted at Massachusetts Institute 
of Technology under a special $650,000 endowment for 
that purpose. The immediate project concerns a study 
of the storage of such energy for house heating and for 
air conditioning through application of the absorption 
principle for cooling. In fact, an experimental house 
has been constructed for this purpose in which the water 
storage system will be so well insulated as to retain the 
heat over seasonal periods. 

It is planned later to extend the research at M.I.T. 
into other fields of utilization, including that of power 
generation. Of course, all power production is traceable 
indirectly to the energy of the sun. Attempts have 
been made from time to time to utilize it directly and 
some may recall an installation at Tacony, near Philadel- 
phia, about twenty-five years ago which actually pro- 
duced power for pumping. This consisted of large 
mirrors and a series of thin parallel plates between which 
water was evaporated by the sun’s rays, the low-pressure 
steam being utilized in a condensing engine. However, 
the ratio of power developed to the absorption surface 
required was such as to render the scheme wholly un- 
economic, although the installation was later reported 
to have been dismantled and transported to Egypt where 
it was set up for irrigation pumping. 

It is estimated that in temperate zones during the 
three months of greatest sunshine an acre of land receives 
directly from the sun an amount of heat equivalent to 
that released by burning approximately 250 tons of good 
grade coal. Furthermore, it is claimed that by employ- 
ing curved reflectors instead of the flat black sheet in the 
sunlight collector, the heating effect of the sun’s rays 
could be concentrated on a single spot with such inten- 
sity as to produce a temperature of 6000 F. 

At the present time one is disposed to class the pro- 
duction of power by such means with that of tidal power. 
Both are feasible, within certain limits, but of doubtful 
economic value. Nevertheless, in the light of modern 
scientific advances, it is possible that the investigations 
at M.I.T. may make not only a substantial contribution 
to the subject of domestic heating and air conditioning, 
but also may point the way to an ultimate rational use 
of the direct radiation from the sun in other fields. 
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Handling and Disposing of 
Recovered Fly Ash and Dust 


Three methods for disposing of the fine 
ash and dust collected by recovery appa- 
ratus are reviewed. These are the vacuum 
system, the sump arrangement and the 
introduction of the dust, by means of a 
water-cooled ram, into a slagging-bottom 
furnace, near the level of the molten slag. 
The last-mentioned method is discussed 
in detail. 


static precipitators, cyclone collectors, etc., came 

into general use it was customary to permit the fine 
ash and dust to escape up the stack and be discharged to 
the atmosphere, the only dust to be handled being that 
which deposited in the boiler passes, beneath the econo- 
mizer and in the air preheater. Since this dust was 
relatively coarse and heavy it readily settled out of the 
water and could be handled in the same manner as 
ashes. However, as the use of dust recovery equipment 
increased to the point where practically all large pulver- 
ized-coal-fired boiler installations now employ it, in some 
form or other, disposal of the fine dust collected has 
become a major problem. It was evident that such dust 
as is collected immediately ahead of the stack could not 
be disposed of as the ashes and coarse dust had been, 
although the transporting of either fine or heavy dust to 
its final collection point could generally be accomplished 
by some form of vacuum conveying system. 

There are three generally accepted methods for finally 
disposing of fine dust. 

The first is to interpose a cyclone separator between 
the vacuum producing unit and the dust collecting sys- 
tem, as shown in Fig. 1. Dust entering the cyclone is 
dropped out of suspension and accumulated in the cy- 
clone separator. At a given time the vacuum is broken 
and the cyclone separator discharges the accumulated 
dust into a large collector bin, generally designed for at 
least 24-hr storage. On the bottom of this storage bin a 
mixing device is generally provided to mix the dust with 
water and, if properly mixed, the resultant product is 
something in the nature of dough. This scheme requires 
attendance at the mixer when the material is loaded into 
cars or trucks. It also requires a complete housing 
around the bottom of the tank, in order to prevent freez- 
ing in cold weather. Also, water lines, conduits and 
generally steam lines must be provided at the bin. 

The vacuum-producing device for such a system is 
normally one of two types. The most prevalent is the 
so-called ‘“Hydrovactor”’ type, where fluid under pressure 


Risa dust recovery equipment, such as electro- 
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is used as the vacuum producing medium. The other is 
the mechanical blower type. These latter units must be 
protected with bag filters or their equivalent. 

The second scheme for collecting fine dust is shown by 
Fig. 2. It will be noted that with this arrangement 
both the ashes and the fine dust are handled at 
the same time. They are discharged into a receiving 
hopper, which, in the case of the illustration shown, is a 
grab-bucket sump, but it can just as well be a dehydrating 
bin. By means of weirs around the periphery of the 
hopper, the velocity of the water overflowing is kept 
extremely low. This overflow falls into a small auxiliary 
sump, where the heavy particles are continuously bled off 
and discharged back into the main sump. The resultant 
overflow from this auxiliary sump flows into the so-called 
clear well, where it is taken by the recirculating pumps 
and used as the medium for transporting the ash and also 
as the power in the vacuum-producing unit. 

This system has found favor with plants located beside 
streams where drastic laws against pollution make it 
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Fig. 1—At the bottom of the storage bin a rotary device 
mixes the dust with water to the consistency of dough 
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quite advantageous to keep all dust- 
laden water in the system and allow 
none whatever to overflow. There 
will be very fine floating material 
carried into the so-called clear well 
and, periodically, this must be pumped 
out. Provision is made, by nozzling, 
to have the recirculating pumps with 
bypass lines return this to the main 
sump, where it is settled out. Of 
further interest is the fact that after 
the ashes and dust have been pumped 
into the storage sump, they are al- 
lowed to settle and, by means of de- 
hydrating apparatus, all excess water 
is drained off so that the resultant ma- 
terial is commercially dry refuse. 

The third scheme, used only in con- 
junction with slagging-bottom furnaces 
of the intermittent or continuous-tap 
types, involves the introduction of this 
dust into the furnace at a point near 
the bottom where it is melted and is 
discharged with the molten slag. A 
successful method of accomplishing 
this has been developed following con- 
siderable experimentation with various 
arrangements. For instance, it was 
found that blowing the fine ash into 
the furnace resulted in the small par- 
ticles being recirculated without be- 
coming melted and mixing with the 
slag. This produced a vicious cycle 
by adding to the fine ash carried 
through the boiler. Screw feeding 
also proved impracticable because of 
the danger of burning up the feeding 
apparatus and the difficulty of underfeeding such mate- 
rial with a screw. It was found, however, that by em- 
ploying a ram to underfeed the material, that which 
is on the outside of the pile melts down while new mate- 
rial is being continuously fed underneath; hence none 
of the incoming dry dust can escape into the furnace 
because of the protecting crust on the pile. Such an 
arrangement is illustrated in Fig. 3. 

In this system the dust from the various collection 
points is transported to a collector tank which discharges 





Fig. 3—Dust is fed through the flexible pipe above the 
ram. Note the water-cooling arrangement 


through suitable valves to the feeding ram shown. The 
ram is placed in a quiescent zone near the slag line, the 
exact location depending on the particular boiler and 
furnace. By prearrangement with the boiler manufac- 
turer the water-wall tubes are spread the required dis- 
tance to permit the introduction of theram. If the ram 
is not installed initially a refractory-lined plug is inserted 
in the hole provided. All parts of the ram that are sub- 
jected to heat are water cooled. 

It is desirable that the dust be fed into the furnace 
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when the unit is operating at high rating, for the furnace 
temperature is then such as to readily melt the dust. 
Where a unit is operated at nearly constant load, as in the 
case of many large units, it makes little difference when 
the dust is fed. Ordinarily, the dust is accumulated in 
hoppers large enough to accommodate 24-hr storage from 
the various dust pockets in the setting. The feeding rate 
is usually about three tons per hour per ram, hence this 
takes up only a portion of the day, depending upon the 
number of rams installed in a furnace. A ram is usually 
driven through shafting by a 5-hp motor. 

Tests have been run for long periods with such rams in 
plants employing widely different coals and furnaces. 
A considerable number of steam generating units are now 
being built with provision for this system of fine ash and 
dust disposal. 





A.S.M.E. Annual Meeting, 
Philadelphia, Dec. 4-8 


The 60th Annual Meeting of The American Society of 
Mechanical Engineers, which is to be held at the Belle- 
vue-Stratford Hotel, Philadelphia, Dec. 4 to 8, is the 
first annual meeting of the Society to be conducted out- 
side of New York City since 1890, and the first national 
meeting in Philadelphia since 1887. A general com- 
mittee, composed of Philadelphians and headed by 
Nevin E. Funk, vice president of the Philadelphia Elec- 
tric Company, is now completing final plans for the 
meeting, including technical sessions, social functions, 
the business meeting, inspection trips, college reunions, 
and a photographic exhibit. The technical program in- 
cludes 103 papers to be presented at 34 sessions, many of 
which will of necessity be simultaneous. Following are 
those papers which are of particular and general interest 
to power engineers,. 


MONDAY, Dec. 4 
4:30 p.m. 

Public hearing on Test Code for Dust-Separating Apparatus 
8:00 p.m. 

Symposium on domestic fuels 


TUESDAY, Dec. 5 
9:00 a.m. 


Comparative Economy of Generating Steam with Anthracite and 
Bituminous Coals and Fuel Oil for Industrial Plants in the 
New York Area, by G. A. Anbro, Colgate-Palmolive-Peet Co. 

Modern Methods of Fuel Purchasing, by R. G. Rincliffe, Phila- 
delphia Electric Co. 

9:30 a.m. 


Some Applications of Photoelasticity in Turbine-Generator 
Design, by M. Hetenyi, Westinghouse Research Laboratories 

Hydraulic-Turbine Governing, by W. M. White, Allis-Chalmers 
Mfg. Co. 

Power Swings in Hydroelectric Power Plants, by W. J. Rhein- 
gans, Allis-Chalmers Mfg. Co. 

Generator Characteristics as Affecting System Operation, by 
Sherwin H. Wright, Westinghouse Elec. & Mfg. Co. 

2:30 p.m. 

Characteristics of Cloth Filters on Coal-Dust Air Mixtures, A. 
R. Mumford, A. A. Markson and T. Ravese, Consolidated 
Edison Co., New York 

Considerations Which Aid in Defining Equitable Limits of Dust 
Emission from Stacks, by P. H. Hardie, Brooklyn Edison Co. 

PANEL DISCUSSION ON Two YEARS OF EXPERIENCE WITH HIGH- 
PRESSURE, HIGH-TEMPERATURE SUPERPOSED POWER INSTAL- 
LATIONS, headed by E. B. Ricketts 

Experience with High-Pressure, High-Temperature Equip- 
ment at Waterside Station by J. C. Falkner, Consolidated 
Edison Co., New York 
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Fisk Station Topping Unit Operation, by A. E. Grunert, 
Commonwealth Edison Co., Chicago 

Logan Operating Experience, by Philip Sporn, American 
Gas & Electric Co. 

High-Pressure, High-Temperature Superposed Power In- 
stallation, by Louis Elliot, Ebasco Services, Inc. 


WEDNESDAY, Dec. 6 
9:30 p.m. 


Steam-Turbine Governors, by R. J. Caughey, General Elec. Co. 

Constant System Speed and the Steam-Turbine Governor, by A. 
F. Schwendner, Westinghouse Elec. & Mfg. Co. 

The Influence of Crystal Size on the Wear Properties of High- 
Lead Bearing Metal, by John R. Connelly, Lehigh University 

Laminar Flow Heat Transfer, by R. H. Norris and D. D. Streid, 
General Electric Co. 

The Calculation of Heat Transfer in Cross-Flow Exchangers, by 
E. A. Schumann, Detroit Edison Co. 

Heat Transfer to Falling Water Films, by W. H. McAdams, 
M.I1.T., T. B. Drew, E. I. duPont de Nemours, and G. S. Bays, 
Humble Oil and Refining Co. 

Mean Temperature Difference in Design, by W. Nagle and A. C. 
Mueller, E. I. duPont de Nemours, and R. A. Bowman, 
Westinghouse Elec. & Mfg. Co. 

Forum Discussion on Testing of Heat Transfer Equipment, led 
by H. C. Hottel, M.I.T. 

2:30 p.m. 

The Field of System Governing, by Albion Davis, Union Electric 
Company of Missouri 

Regulation of System Load and Frequency, by Harry Dryar and 
Herbert Estrada, Philadelphia Electric Co. 

Operating Experiences in System Speed Regulation, by O. Hol- 
den, Hydroelectric Power Commission of Ontario 

THURSDAY, Dec. 7 
9:30 a.m. 


The Significance of, and Suggested Limits for, the Stresses in 
Pipe Lines Due to the Combined Effect of Pressure and Ex- 
pansion, by D. B. Rossheim and A. R. C. Markl, M. W. 
Kellogg Co. 

A Rational Representation of the Flow Performance of Reaction 
Steam-Turbine Blading, by Adolf Egli, Sulzer Bros. 

The Viscosity of Superheated Steam, by G. A. Hawkins, H. L. 
Solberg and A. A. Potter, Purdue University 

Report on the Change of the Enthalpy of Steam with Pressure at 
Low Temperatures, by F. G. Keyes 

2:30 p.m. 

An Investigation of the Energy Losses in Steam-Turbine Ele- 
ments by Impact Traverse Static Tests with Air at Subacous- 
tic Velocities, by W. R. New, Westinghouse Elec. & Mfg. Co. 

Photoelastic Analysis of Stresses in a Steam Turbine Blade 
Root, by J. J. Ryan, University of Minnesota, and J, T. 
Rettaliata, Allis-Chalmers Mfg. Co. 

The Automatic Integrating Pressure Traverse Recorder, by H. 
Kraft and T. M. Berry, General Electric Co. 

Design Problems in High-Pressure, High-Temperature Boilers, 
by E. G. Bailey, Babcock & Wilcox Co. 

The Locomotive Boiler, by C. A. Brandt, Superheater Company 


OTHER EVENTS TO BE HELD DuRING THE MEETING 


MONDAY, Dec. 4, 9:30 a.m. Council, Local Section dele- 
gates, and Professional 
Divisions delegates meet- 
ings and luncheon 
2:00 p.m. Annual business meeting 
4:30 p.m. Acquaintanceship tea 
TUESDAY, Dec. 5, 6:00 p.m. Smoker and introduction of 


1940 officers, also informal 
dinner for ladies 
Student members luncheon 
Annual Banquet 
Conferring of honors 
Presidential address by 
Prof. A. G. Christie 
Presentation of ‘‘House of 
Magic”’ 
College reunions 


WEDNESDAY, Dec. 6, 12:30 p.m. 
6:30 p.m. 


THURSDAY, Dec. 7, 6:00 p.m. 


Also there will be morning and afternoon inspection 
trips to industrial plants and other points of interest in 
and outside of Philadelphia. Among these will be the 
Westinghouse, General Electric, Baldwin-Southwark, 
Curtis Publishing Co. and E. J. Budd plants, as well as 
all-day trips to the Conowingo, Safe Harbor and Holt- 
wood hydroelectric plants. 
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Flash-Drying Extends 
Limits of Prior Practice 


By ALFRED R. SMITH 


Combustion Engineering Company, Inc. 


Although the flash-drying of industrial 
wastes and sewage sludge does not involve 
the generation of steam as a by-product, 
its extensive application during the last 
few years and its analogy to the drying 
and burning of pulverized fuel has aroused 
general interest among steam and com- 
bustion engineers and raised certain impli- 
cations which it is believed the following 
description will serve to correct. In the 
system described, materials ranging from 
65 to 85 per cent moisture may be success- 
fully dried and burned. 


VER the last few years developments have pro- 
ceeded toward the perfection of methods and ap- 
paratus for the drying and incineration of high- 

moisture materials of low heat content. These efforts 
have taken different forms, in keeping with local con- 
ditions. Although of primary interest to the sanitary 
engineer, as most applications have been concerned with 
the destruction of solids resulting from complex sewage 
treatment processes, combustion engineers may, never- 
theless, gain a broader viewpoint from a study of the 
methods which are here described. Interesting applica- 
tions in the process industries have also been made. 

As a rule, the moisture content of such fuel, if it may 
be so termed, ranges from 65 to 85 per cent, while the 
high heat value of the dried solids may range from 2500 
Btu per Ib to a maximum of 8000 Btu. Average condi- 
tions may be taken as 75 per cent moisture and 5000 Btu 
heat value. The range of dry-basis ash content is from 
20 to 75 per cent, with an average of 50 per cent. How- 
ever, drying by the method to be described is at present 
being commercially carried out in every-day operation 
on material running as high as 92 per cent moisture. This 
figure represents over 11 lb of water per pound of dry 
solids. The limit is governed entirely by operating costs. 
In general, where the moisture is above about 85 per 
cent, moisture removal by mechanical means is cheaper 
than heat vaporization. 

Use of the term ‘‘percentage moisture’’ as a means of 
defining water content may prove deceptive unless the 
true import is fully appreciated. Lignites carrying 35 per 
cent moisture are, as a rule, considered fuels of high 
moisture content in every-day combustion work. Sucha 
percentage represents only about 0.54 lb of water per 
pound of dry solids. The 75 per cent moisture content 
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mentioned as being an average for sludge is equivalent to 
3 lb of water per pound of dry solids, or about 5'/: times 
as much as in the case of lignite. 

A simple heat balance will indicate that the heat value 
of average sludge will just about serve to vaporize the 
associated moisture, with no surplus, due account being 
given to energy losses in combustion and in drying. The 
broad effect of this is the total elimination of the boiler 
which one is accustomed to associate with a combustion 
chamber and the substitution in its place of a drying 
system. Functionally, in the analogy, the dryer is the 
boiler. Other elements in the system are strikingly remi- 
niscent of a pulverized coal burning system. 

A second salient difference lies in the fact that the 
steam produced is not segregated and viewed as the end- 
product of the apparatus but rather as a waste which 
must be disposed of as such. Usually the vapor is 
mingled with the stack gases and is discharged from the 
system with them. 

Consider the combustion of a pound of dry sludge burn- 
ing in a combustion chamber in comparison with a similar 
quantity of dry sludge associated with 4 lb of surface 
moisture corresponding to an 80 per cent moisture sludge. 
What difference will exist? A sludge of 5000 Btu per Ib 
heat value will in both cases produce about 6 Ib of flue gas 
having a specific heat of 0.26 Btu per Ib. Taking into 
account a reduction in sensible heat of 150 Btu per Ib, due 
to the presence of hydrogen, the temperature of the 
products of combustion will be over 3000 F for the dry 
sludge. On the other hand, the addition of 4 Ib of mois- 
ture increases the heat carrying media to 10 lb while the 
specific heat rises to 0.35 Btu per Ib with a corresponding 
gas temperature of about 1450 F. The entire exclusion 
of the moisture during combustion, which is exemplified 
by the first case, results in a temperature within the com- 
bustion chamber so high that difficulty will be had from 
slag, while the complete introduction of the vapor into 
the furnace, as in the second case, results in a temperature 
too low for satisfactory ignition and combustion. 

As neither procedure is correct, the optimum results are 
attained when some of the moisture is allowed to pass to 
the furnace for its regulatory effect, while the rest is car- 
ried to the gas stream beyond the zone of combustion. 
This division is arranged as an operating control. It is 
apparent that there is thus available a useful, although 
incidental, regulatory means not possessed by the de- 
signer of boiler furnaces. Slag can be controlled in in- 
cineration practice by means of vapor rather than by the 
introduction of wasteful excess air or the installation of 
cooled furnace constructions. 
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The fact that the moisture resulting from drying the 
fuel is useful as a regulatory means, supported by the 
necessity for its partial excliision from the combustion 
chamber, dictates the advisability of separate drying 


and burning functions. Some attempts are being made 
to carry out the two functions in a single unit of the 
hearth-furnace type such as has been used for ore roasting 
for many years. A description of these efforts is beyond 
the scope of the present discussion although it may be 
said that critical detailed study of these attempts indi- 
cates that little is to be gained and certain adverse effects 
result. 

A complete detailed flow sheet for all materials involved, 
as taken from an operating installation, the Neenah- 





a recirculation of four times the feed, on a dry basis. As 
the material is churned about in the mixer it is slowly ad- 
vanced along the trough toward the outlet end. 

Leaving the outlet end, the mixture meets a stream of 
hot gases at high temperature (800 to 1400 F) and the 
two pass almost instantaneously to the flash dryer. The 
latter is composed of a suitable housing of scroll shape, 
somewhat akin in form to a fan, in which are disposed 
cage-like stationary bars. A runner is axially located 
within the housing with similarly arranged cages which 
rotate within the stationary bars. In passing through 
the mill from inlet to outlet, the material must pass be- 
tween the two sets of bars and in so doing is subjected to 
violent agitation. During this brief period of passage, 
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Fig. 1—Flow diagram of sludge-burning installation 


Menasha Sewage Disposal System, is shown in Fig. 1. 
The views shown in Figs. 2, 3 and 4 are of apparatus in 
this installation. 

Feed to the system is brought in on a conveyor 
belt which receives its burden from mechanical dewater- 
ing apparatus; as a rule vacuum filters are used. The 
belt discharges to a mixer in which the high mois- 
ture feed is intimately blended with previously dried 
material containing about 10 per cent moisture. This 
partially dried material is delivered from a cyclone 
‘separator through a rotary air lock and an especially de- 
‘veloped proportioning device, termed an automatic di- 
vider. The amount of recirculated dried sludge is pro- 
portioned to the amount and moisture content of the feed 
so that the resulting product is no longer a homogeneous 
paste but rather a fluffy mass. In most cases the neces- 
sary physical condition is achieved when the moisture 
content is reduced to about 45 per cent, which involves 
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the moisture associated with the sludge is vaporized and, 
as sensible heat becomes latent heat of vaporization, the 
ambient gases lose temperature, falling as a rule to about 
300 F or less. The circulating fan, which has all the while 
been causing gas flow in the circuit, draws the mixture 
of now dried sludge and cooled vapor-gas mixture through 
the cyclone separator. Gases pass on to the heat ex- 
changer, and to the furnace directly, or to a vent, as 
dictated by circumstances, while the solids pass from the 
the cyclone, through the lock to the automatic divider. 

The automatic divider consists of a damper in a Y- 
shaped duct which alternately moves from one position 
to the other in proportioned timed relation. One duct 
leads back to the mixer to recirculate dried sludge, as 
previously described, while the other duct leads to the 
feeder. The divider damper position is established by an 
adjustable electrical timing mechanism which may be 
set for various time ratios. If in one position four times 
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Fig. 2—Top view of fur- 

nace and sludge burner 

with lower half of air 
preheater on right 





Fig. 4—Drying system—mixer discharge, flash dryer 
discharge and vapor cyclone at extreme left 
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as long as in the other, it is apparent that one duct will 
receive four times as much material as the other and a 
four-to-one recirculation will be established quite apart 
from the total rate of flow through the system as a whole. 

The feeder serves to lock the solids into a stream of 
primary air from a sludge blower at the same time 
equalizing the pulsating delivery from the divider. The 
air entrained sludge is carried over to a vertical pulverized 
fuel burner quite like a pulverized coal burner but with 
modifications to suit the peculiarities of the material 
burned. The burner, it will be observed from Fig. 1, is 
located in the arch of the furnace. A second burner for 
the combustion of oil is placed in the front wall of the 
furnace in such a position that its flame impinges of the 





driven off and are present in the gases leaving the cir- 
culating fan. In order to destroy such objectionable com- 
pounds, the gases are elevated in temperature to 1200 F 
before being allowed to escape to the atmosphere. This 
may be accomplished either by burning additional fuel in 
a mixing or secondary combustion chamber in back of the 
furnace, or it may be done by the use of an air preheater 
in order to recirculate heat. The latter expedient is 
in most cases the more economical. When this plan is 
practiced, dryer gases are passed through the heat ex- 
changer so that their temperature is raised to as high a 
point as is warranted by economic considerations, usually 
between 500 and 600F. These gases are then commingled 
with the high-temperature gases leaving the combustion 
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Fig. 5—Arrangement for flash-drying spent grain in distillery plant 


stream. of sludge and air. Although this position is not 
essential for suitable sludge combustion, nevertheless it 
results in more positive ignition when starting up the 
unit. In many cases there is little or no difficiency of 
heat so that the oil burner is not in service over long 
periods of time, but principally to start the cycle. 

If a difficiency in heat occurs, the temperature in the 
uptake falls and on reaching a predetermined point, 
usually about 1200 F, automatic controls respond and oil 
is delivered to the oil burner which is then ignited by the 
burning sludge and heated refractory walls of the com- 
bustion chamber. 

In the drying of certain organic substances by heated 
’ gases, there may be times when unpleasant odors are 
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chamber, either within the combustion chamber or at a 
point beyond for temperature regulation, as previously 
discussed. The mixture is then allowed to pass through 
the hot side of the heat exchanger, through a dust collect- 
ing system, to an induced draft fan to the stack. Al- 
though the illustration shows the induced-draft fan op- 
erating on the dust-laden side of the fly-ash trap, most 
cases require that it be placed beyond, so as to operate on 
cleaner gas in order to reduce blade wear. In this case, a 
second air lock is used as the ash cyclone is under suction. 

Ash from the system appears at two places, namely, in 
the furnace bottom and at the fly-ash collecting means. 
Conventional methods of ash removal, transport and dis- 
posal are employed. The only difference, as compared 
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with power plant practice, is the far greater quantity en- 
countered owing to the higher percentages of inert sub- 
stances present. 

At the Neenah-Menasha Sewage Disposal Project, 
over 80 per cent of the material disposed of by in- 
cineration originates in the paper mills of the vicinity and 
is composed in large measure of fine clay. Ash content as 
large as 75 per cent has been encountered while the ma- 
terial has remained amenable to handling and incinera- 
tion by the method described. 

Many plants have been built for process industries in- 
corporating at least a portion if not all of the steps 
entailed in installations such as that just discussed. 
Fig. 5 shows a typical installation arrangement for re- 
covery of grain elements from distillery slop. The syrup 


from the multiple-effect evaporators may be processed | 





in a second flash-drying circuit using the previously dried | 
grain as the vehicle for exposing the moisture remaining | 
in the syrup to the action of hot gases. The syrup solids | 


remain coated on the grain and enhance the value of the 
product as feed for livestock in addition to disposing of 
a most troublesome trade waste. The steps are clearly 
illustrated in the diagram and are self explanatory. In- 


stallations have also been made for drying and simultane- | 


ously grinding chemicals, packing house products, and 
fuels of extremely high moisture. 

The principal teachings of this new art of flash drying 
and waste disposal include the following important facts: 


1. Gases of high temperature may be used without 
impairment of the product if their temperature and 


quantity are properly proportioned to the moisture con- | 


tent and quantity of moisture present in the substances 
to be dried. The drying method is an extension of the 
mill drying process into new ranges of temperature and 
humidity. 

2. Combustible materials of high ash content and low 
heat value may successfully be burned in suspension if 
the apparatus is modified to accord with the changed 
conditions. Again the prior art has been extended into 
new ranges. 

3. Where the material is of such nature as to preclude 
mill drying, an accurately proportioned remixture and 
recirculation of dried material may be practiced. This 
modification of usual procedure is characteristic of the 
system and again allows penetration of previous limits. 
The limit of moisture content permissible in substances 
handled becomes governed entirely by the cost of heat 
drying in the higher moisture ranges rather than by 
limitations of operation. 

4. The suitability of suspension burning of materials 
of high ash content with low melting point, if the moisture 
is judiciously proportioned to furnish a regulatory means. 


The differences in the problem or the specific departure 
from prior art which have dictated the foregoing may be 
summarized as follows: 


1. Moisture content permissible in the fuel is several 
times as great as previously thought possible. 

2. Material of extremely high ash content may be 
burned in suspension. 

3. Fuels of low heat value respond readily if suitable 
means are provided to make up heat difficiencies. 

4. Added elements such as heat treatment of gases 
may be provided by the application of a preheater and 
result in economy of operation. 
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Fig. No. 4114: Yar- 
way Forged Steel 
Water Column for 
900 lbs. pressure. 
Equipped with Yar- 
way Vertical Gage, 
Fig. No. 4178, with 
four-glass steel 


insert. 





Hundreds of leading utilities and industrial plants insist 
upon Yarway Water Columns to protect their boilers. 


Yarway’s unique Hi-Lo Alarm mechanism utilizes 
balanced solid weights that are as indestructible and 
unchanging as the metal itself. Operating on the dis- 
placement principle, theyliterally “weigh the water level.'' 


When the high or low water emergency occurs— instant, 
positive, powerful, hair-trigger action results — giving 
warning of danger by whistle, light, or both. 


Yarway Water Columns, eight standard 
models, iron bodies with screwed connections 
for pressures upto 250 Ibs., forged steel bodies 
with flanged connections for pressures up to 
1500 Ibs., are fully described in Catalog 
WG- 1806. Write for acopy and working model. 


YARNALL-WARING COMPANY 
101 Mermaid Ave. Philadelphia 
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for every dollar in- 
vested in it. Ask 


' 
Sse eas us for proof! 
Se P. . 


COCHRANE —~— 


CONTINUOUS BLOW-OFF SYSTEM 
for the Country’s Latest 
and Finest Rayon Plant 


In the great new $11,000,000 fourteen-acre plant 
of the Industrial Rayon Corporation at Painesville, 
Ohio, only the last word in efficient, economical 
operating equipment was permitted. In the 
power plant, therefore, you would expect to find 
a Cochrane Continuous Blow-Off System, for 
this, too, is the ultimate in efficiency in boiler 
blow-down. As for economy, the saving made 
— by a Cochrane Continuous Blow-Off 

ystem, as compared with intermittent blow-down, 
may be judged by the fact that fully 90% of the 
recoverable heat in the blow-off water is returned 
to the boiler. Write for specific information ap- 
plicable to your own plant. 
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Photograph shows flash condenser at top of picture and 
‘ heat exchanger below. 









Diagram at left shows 
type of system (Class 
11) installed at In- 
dustrial Rayon where 
three 90,000 lb./hr. 
boilers are served by 

this system. : 







Photograph at right 
shows flash tank. 
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COCHRANE CORPORATION, 3109 N. 17th St., Philadelphia, Pa. 
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How to Interpret and Use the 
Individual Laboratory Coal Test 


By G. B. GOULD, Pres. 
Fuel Engineering Co. of N. Y. 


In the October issue the author dis- 
cussed the use of laboratory tests in 
judging coal values with reference to the 
selection of coal. In the present article 
the sampling and testing of coal from 
individual carload shipments, as a rou- 
tine procedure, are discussed. Sampling 
methods and the degree of accuracy as to 
deviation from the true sample are covered 
and suggestions offered leading to the 
avoidance of disputes between the seller 
and the user. 


HILE laboratory coal tests in large numbers, 
\Y/ sired in series, are essential as a sound 

basis for coal buying decisions (as was ex- 
plained in the preceding article in the October issue) the 
individual coal test plays a large and important part in 
the every-day business of buying, selling and using coal. 
In no other way can the buyer determine the quality of 
each lot as it comes along, or the engineer obtain the 
information necessary to appraise and control boiler 
plant performance. 

Most consumers and coal salesmen are accustomed to 
think in terms of single laboratory tests, for each test has 
some direct relation to a particular shipment just re- 
ceived, or to a specific transaction, or to the last operating 
period of the boiler plant. This is very different from 
the use of laboratory measurements of coal quality in 
the selection of coal and the appraisal of relative values 
in advance of purchase. Hundreds of these individual 
coal tests are profitably used every day by buyers, 
sellers and engineers, although not always used to the 
best advantage for lack of a clear understanding of just 
what kind of measurement the laboratory coal test is. 

Some people look upon each individual laboratory 
coal test as an exact measure of the quality of the par- 
ticular lot of coal which was sampled, despite the fact that 
it is not and probably never will be. They are sometimes 
unduly disturbed and confused, when they happen to 
re-sample a shipment and find that the second test does 
not exactly agree with the first one. Such an occurrence 
may cause them to conclude that laboratory tests are 
much less reliable as a measurement of coal quality than 
is actually the case. By such conclusions they deny 
themselves the many valuable and practical uses to 
which the individual coal tests can be put in the every-day 
business of buying and burning coal, when interpreted 
with well-informed discrimination. We know from ex- 
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tensive research that, except in cases of improper 
sampling and testing methods, which are rather ex- 
ceptional today, at least 95 (more often 98 or 99) out of 
every 100 tests are so close to the true value that what 
deviation there is has no commercial significance as 
far as the quality of that one lot of coal is concerned. 
And, unless the individual tests are made, there is no way 
to accumulate coal quality data en masse, which when 
arranged in series of tests of successive shipments, are 
extremely valuable in making skillful coal buying de- 
cisions. 


The Quality of Any Lot of Coal Always a Matter of 
Calculated Probability 


Those who have to deal with coal would make far 
better use of laboratory coal tests if they understood more 
clearly that in the measurement of the quality of every 
single lot of coal, they are dealing with a matter of 
calculated probability, within certain recognized limits. 

The new coal sampling standards of the American 
Society for Testing Materials recognize this principle. 
Translated into terms of a specific example, the sampling 
and testing methods prescribed for commercial use, mean 
that any one sample of an 8 per cent ash bituminous 
coal (not larger than 2-in. size) will represent the true 
percentage of ash in that lot within one-third of one per 
cent about 50 times out of 100; about 78 times out of 
100 within one-half of one per cent; and 95 times out 
of 100 within eight-tenths per cent. Four of the re- 
maining five times the result should be within an even 
one per cent above or below the true value, leaving a one 
in one hundred chance of an individual test deviating by 
more than one per cent. Even the maximum deviation 
to be expected once in a hundred times, when interpreted 
into terms of coal value in cents per ton, is a very much 
smaller quantity, than the average deviation in coal valu- 
ations based upon evaporation figures. In statistical 
studies of boiler plant performance! we have found 
that variations in evaporation, in the same plant with 
the same coal, will average in terms of coal value per ton, 
from a low of 9 cents for three-day periods under the 
most favorable conditions of plant equipment and opera- 
tion, to as much as 25 cents from one day to another 
under less favorable conditions. Maximum deviations 
ranged from 66 cents a ton to $1.39. A maximum varia- 
tion of one point in the per cent of ash, in a laboratory 
test, is roughly equivalent to 5 cents a ton. 

It is not difficult to sample and test coal within the 
limits specified. Most of the commercial testing of coal 





1 See ‘‘Evaporation Tests as a Measure of Coal Values,” by the author 
in Comsustton for May 1939. 
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today undoubtedly complies with these requirements, 


and much of it is considerably better. If the per cent 
of ash is higher, the expected range of variation will in- 
crease proportionately. That is, for a ten per cent ash 
coal, 95 per cent of the tests,should fall within one per 
cent of the true value, instead of 99 per cent. Our own 
experience indicates that mechanically cleaned anthra- 
cite in the steam sizes can be sampled easily within about 
the same limits as 8 per cent ash bituminous coal. The 
same principles apply to the per cent of sulphur, the 
softening temperature of the ash, and the Btu, but the 
percentage of ash has been generally used as the index 
of variability. In what follows reference will be made, 
for simplicity, only to the percentage of ash. 

This all grows out of the discovery that variations 
due to sampling and testing follow the normal curve of 
probability, just as do variations in quality among suc- 
cessive shipments from a given mine, but within smaller 
and controllable limits. Once this is understood, it 
becomes possible to use each individual coal test with 
more understanding discrimination. When that one- 
in-a-hundred maximum variation comes along, it can be 
dealt with sanely for what it is, without diminishing the 
value of the other 99 tests, by far the larger part of which 
will be close to the true value. If what looks like that 
maximum variation to be expected about once in one 
hundred times turns up, and if anything important de- 
pends upon it, that lot can be re-sampled. Of course, 
any variation which is clearly beyond the normally ex- 
pected range for the particular coal, deserves investiga- 
tion and re-checking. 


Sampling and Testing Methods Should Fit the Use to Be 
Made of the Test 


These standards and commercial testing methods 
generally are designed to satisfy the needs of those who 
use laboratory coal tests as a matter of routine, making a 
number of tests of successive shipments of all the coal 
received or shipped. If circumstances make it im- 
portant to determine with greater certainty the quality 
of any particular lot of coal, a more exacting procedure 
of sampling and testing can be adopted. This will not 
necessarily give more accurate results, as far as a par- 
ticular sample is concerned, but it will reduce the chance 
of a variation greater than, say, '/2 of 1 per cent to 2 or 3 
in 100. The degree of accuracy in measuring the quality of 
coal in any given lot is wholly a matter of how much time and 
expense one spends on it, and how much one can afford to 
spend depends upon what is to be done with the test. 

If a single test is one of a series in routine purchase con- 
trol, that is one thing, but if it is to govern the price to 
be paid for one lot sold under specifications which pro- 
vide severe penalties for small variations in quality, it is 
quite a different matter. In the same way, if a test is 
one of a series of periodical tests in an established system 
of continuous control of steam plant performance, it 
would be a waste of time and money to use methods of 
measurement which should be followed in making an 
acceptance test for a new steam generating unit. In 
short, when measuring coal quality the methods used 
should be appropriate to the use that is to be made of the 
measurements. A carpenter can satisfactorily use a foot 
rule in building a house, but an automobile mechanic 
must use a micrometer gage. When it comes to mea- 
surements of coal quality many people are trying to build 
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a house with micrometer accuracy, or they are trying to 
do a precision job with a foot rule. That is what leads 
to so much miscalculation in coal buying, or in con- 
trolling plant performance, and to a great amount of 
misunderstanding and sometimes bitter disputes between 
buyers and sellers. 


Quality Measurements Can Be Made as Accurate as 
Circumstances Demand 


If one samples and re-samples 100 times the same lot of, 
for example, an 8 per cent ash bituminous coal (having a 
2 in. top size or smaller), the per cent of ash will vary, and 
if these individual tests are arranged in order from high 
to low, they will approximate one of the diagrams shown 
in Figs. 1 and 2. The former represents a little better 
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than the minimum A.S.T.M. standards for commercial 
sampling, and the latter about the best that can be ex- 
pected with an individual sample and test. Methods 
prescribed by the A.S.T.M. to attain the commercial 
standard actually provide a comfortable margin of 
safety, in order to cover all types of coal. For many 
coals, by following these methods (as explained later) 
the range of variation will be smaller and the probability 
that any single test will come within, say, '/, of 1 per 
cent of the true value will be greater than indicated by 
Fig. 1. 

If one must have greater accuracy, the way to get it is 
to sample the lot two or more times (that is, repeat the 
entire sampling procedure and not just divide one gross 
sample in two or three parts) and test each sample sepa- 
rately. The average of the results of these tests will be 
much more accurate than any one of them. Circum- 
stances may justify the extra effort and cost. For ex- 
ample, the average of three tests which would fall into 
the diagram shown in Fig. 1 will give a figure which 99 
times out of 100 is within 1/2 of 1 per cent of the true 
value. An average of six tests which would belong in 
the diagram of Fig. 2 could be expected to be within 
1/, of 1 per cent of the true value 99 times out of 100. 
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Many Disputes About Coal Quality Are Avoidable 


With these diagrams in mind, it is easy to see that any 
two samples of the same lot, separately taken and tested, 
cannot be expected to exactly agree. Each should, at 
least nine times out of ten, be within 1/2 of 1 per cent of 
ash above or below the true figure, although one may be 
that much above and the other that much below. Not 
more than once in ten times, should either of them be 
farther away than that. 

Much unnecessary and futile argument would be 
avoided if both coal buyers and salesmen understood 
these facts. What happens in actual practice is that the 
















































































45 
4O 
35 
s 30 
Com] 
Qa 
a 25 
w 
S 20 
bh 
p 
g 29 
B 
10 
5 
0 
FEZHRE 
~~ ww 0 w& 
‘s+ 28 2 
SR888¢ 
~~ nw wo wo 
Per Cent Ash 
Fig. 2 


98 or 99 tests out of 100 are supposed to be absolute 
measures of quality, which they are not, and when one 
lot happens to be tested twice, any small difference 
between the two is often exaggerated in its importance, 
or misinterpreted. This situation is made worse by the 
1 or 2 in 100 out at the edge of the pattern of variation, 
which is sure to happen sometimes. Its occurrence 
attracts all the attention, and unsettles the confidence of 
the uninformed in all the other 98 or 99 tests. 

Variations among individual tests of the same lot of 
coal, which are quite within the predictable limits for 
good practice, often lead to disputes that are utterly in- 
capable of solution, if both sides are ignorant of the cal- 
culable probabilities involved. These situations usually 
grow out of one of two procedures: either another sample 
is taken and tested, or a portion of the original sample 
has been reserved and this is tested. Sometimes, con- 
tracts provide for such a procedure, with the under- 
standing that if the second test deviates by more than 
a certain amount from the first, one side or the other 


COMBUSTION—November 1939 


pays for the second test. Once these variations are 
understood, it is easy to see that this is nothing but a bet 
on a calculable chance, but it is always an even-money 
bet, when really there should be rather long odds. A 
peculiar psychological twist is almost invariably given 
to these situations because, for some inscrutable reason, 
it is assumed that the second test must be right and the 
first one wrong. It is more than likely that both are 
within the range of predictable variations. Two tests of 
the same lot are always better than one, and three are 
better than two, but no one of them has any greater valid- 
ity than any of the others, unless there is some known 
difference in the sampling procedure, or in the experience 
and technical skill of those who performed the laboratory 
work. 

The practice of testing two parts of the same gross 
sample is based upon a misunderstanding as to what the 
results mean, but that can only be explained when we 
come to an examination of just what happens while a 
sample is being taken. 


Misunderstandings Arising From Re-Sampling a Single 
Shipment 


It should be remembered that the quality of any coal 
varies, and that the true value for a particular lot may 
be on the extreme edge of the diagram of the range of 
variation of quality for that coal. The smaller known 
variations due to sampling should not be used to conceal 
or obscure the fact that coal does vary in quality. These 
smaller sampling variations will center around the qual- 
ity of the particular shipment, and not around the 
average value derived from a series of samples of suc- 
cessive shipments. 

It follows that if an individual test of one lot which 
averages 8 per cent ash over a series of shipments shows 
10 per cent, the chances are at least nine out of ten that 
the percentage of ash in this one shipment is at least 9 per 
cent or over, if the sampling and testing methods are any- 
where near correct. The true value for that one shipment 
may actually be above 10 per cent. In other words, 
when the infrequent 10 per cent ash report turns up for a 
shipment which averages 8 per cent over a period, one 
can be reasonably sure that he is dealing with a shipment 
which does have a percentage of ash that is definitely on 
the high side of the long-time average. 

The only remaining doubt for which there is any 
sound basis is not as to whether the quality of this ship- 
ment lies on the high side of the long-time average for 
the coal, but only as to how far from that average it is. 
If the shipment be re-sampled and comes out with 8 per 
cent the second time, this does not indicate that the first 
test was all wrong, and the second close to the truth, but 
simply that the true value for that shipment is probably 
nearer 9 per cent than either 10 per cent or 8 per cent. 

The fact that re-sampling of the same lot will almost 
certainly show some variation from the first test, is too 
often used as a smoke screen under which a salesman 
makes his escape from a complaining customer, or as a fog 
within which the whole matter becomes thoroughly con- 
fused. If the true nature of these variations were under- 
stood and assuming that there was no serious defect in 
the sampling procedure in the case of either sample, 
it would be realized that the two tests, taken together 
constituted just twice as much information about the 
quality of that lot of coal as either of them alone. 
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What Happens When Coal Is Sampled 


In order better to understand these inevitable varia- 
tions it is necessary to know more about just what hap- 
pens in the process of sampling. A vast amount of de- 
tailed study has been given to this subject during the 
past ten years, but the results have not reached the man 
who actually buys and sells coal, at least in the United 
States. 

Practically no one today would consider that a 2-lb 
scoopful of coal, taken at random from a consignment of, 
say, */s-in. bituminous slack, would serve as a suitable 
sample for laboratory testing. And yet, if one hundred 
of these 2-lb portions were taken at about equal intervals 
all through the consignment, as it was unloaded, and 
each one of these portions tested separately, the one 
hundred separate laboratory determinations would ar- 
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range themselves, from high to low, around the average 
of all of them, in the same statistical pattern into which 
the test results of one hundred different shipments of a 
coal arrange themselves. The range of total variation 
among them will be greater but the statistical pattern 
will be the same, and the average would give an accurate 
measure of the quality of that one lot. 

If these numerous increments were separately tested, 
the ash determinations would arrange themselves into a 
pattern approximately as shown in Fig. 3. This is the 
same diagram used for purposes of illustration in the pre- 
ceding article, but it will be noticed that the range of vari- 
ation among individual increments is twice as great as 
that which would be expected among tests of one hundred 
successive shipments. Actually, the range of variation 
used here is only approximate for it will vary considerably 
depending upon the nature of the impurities, and the 
size of the individual increments. We are concerned here 
with the principles, rather than exact amounts; whatever 
the range, the pattern will be the same. 

This diagram shows what can happen, and frequently 
does happen, when a single scoopful of coal is taken and 
called a sample. It might come out with 5 per cent ash 
or 12 per cent. There would be about one chance in 
four of obtaining a result which would be within 4/2 of 
1 per cent of the true value. But, if twenty or more 
small increments were taken throughout the lot being 
sampled, mixed together into a gross sample, and the 
coal crushed so that there are no large pieces, and the 
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mixture divided into a smaller quantity for the laboratory 
and tested, the result could be relied upon within the 
limits indicated by the two diagrams previously referred 
to. 

This is not just an unsupported theory, for the mathe- 
matical principles involved have been demonstrated by 
many independent experiments. Very briefly sum- 
marized, here are the main facts in one of these experi- 
ments conducted by our staff.” 

The coal was 1'/,-in. nut slack, in a pile of about 500 
tons. Fifty 2-lb increments were first taken, and tested 
separately, with a variation among individual increments 
in per cent of ash from a low of 7.8 per cent to 11.8 per 
cent. The average of all fifty was 8.9 per cent. The 
pile was then sampled and re-sampled forty times. 
Half of these were 40-lb samples, each consisting of 
twenty 2-lb increments and half were 20-lb samples, each 
consisting of ten increments. The sampling procedure 
was purposely below the A.S.T.M. commercial standard 
and yet, 92'/: per cent of these forty tests were within 
0.7 per cent of the average of all. The average was 
8.9 per cent, exactly the same as was obtained from the 
fifty individual 2-lb increments. None of these forty 
tests differed from the average by more than 0.9 per cent, 
all of which is well within limits prescribed for commer- 
cial sampling. 


How Large Should a Gross Sample of Coal Be? 


Obviously, the more of these increments that are 
taken, the more nearly will the accumulated gross sample 
represent the whole quantity. In effect, an average is 
produced by mechanical means. But, of course, when 
the gross sample is accumulated, we are only half-way 
through the process of finding out what it represents in 
terms of the laboratory test, which is used to express the 
quality of coal. This business of sampling and testing 
coal, from the standpoint of accuracy is a case of going 
up the hill, and then going down again. That is, the 
more increments that are included in the gross sample, 
the larger and the more accurate it becomes, but every- 
thing that is done to reduce the size of this gross sample, 
once it is accumulated, so as to get it down to manageable 
proportions for the actual testing operations, tends to 
take us back to where we started from. 

Coal sampling is, therefore, in principle a reversible 
process. What is gained in accuracy, as the number of 
increments of which the gross sample is composed in- 
creases, can be largely lost in the process of reducing the 
sample again. In fact, as the size of a gross sample in- 
creases, the gain in accuracy diminishes at a rapid rate 
beyond a certain point, while the danger of loss of ac- 
curacy which will be entailed in the process of reducing 
this increasingly large sample, steadily increases. Carried 
to its logical but absurd conclusion, the maximum ac- 
curacy of the gross sample is reached when one has taken 
so many increments as to have transferred the entire lot 
of coal to the sample pile. 

Research into the statistical characteristics of coal has 
taught that for all practical commercial purposes, the 
virtues of a very large gross sample are largely an illusion, 
but it has emphasized the importance of preserving, by 
careful methods of sample reduction, as much as pos- 
sible of the accuracy of a moderate-sized gross sample. 





2 The complete details of this experiment were reported in A.I.M.E. 
Technical Publication No. 849. 
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The reason is that the smaller the size to which the 
coal in the gross sample is crushed, the less the loss in 
accuracy by dividing it. In ordinary commercial and 
engineering practice, equipment is rarely available to 
crush properly a 1000-lb or a 2000-lb sample, and to do 
it by hand is impracticable. The end result will be 
better, if a 50- or 100-lb gross sample is accumulated 
systematically by evenly spaced and appropriately 
sized increments, because for most coal of the size and 
quality used today for steam generation, the gain in ac- 
curacy of the gross sample beyond this point is small; 
while this smaller gross sample can be crushed by hand, 
and divided without undue loss of accuracy. 


What Happens When a Sample Is Divided? 


The importance of crushing the coal in the gross sam- 
ple before taking out a portion of it by quartering or 
riffling is too often overlooked. Here is an actual illus- 
tration of the effect of crushing the sample, which was 
obtained by two series of samples taken from one lot of 
No. 1 buckwheat anthracite. Two separate 48-lb gross 
samples were accumulated, each consisting of twenty- 
four 2-lb increments. One was then divided, without 
crushing, into sixteen 3-lb samples, each of which was 
then tested separately in the laboratory. The other 
48-lb gross sample was first riffled into four 12-lb portions 
without crushing, but each of these portions was crushed 
to pass an 8-mesh screen before being further divided into 
sixteen 3-lb samples. The percentage of ash determined 
for the samples in each of the two groups is shown in 
Figs. 4 and 5. 
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It can be seen at a glance that there is much more 
variation among the tests of the samples obtained with- 
out crushing, than among those which had been crushed 
during the process of sample reduction. Only 50 per cent 
of the tests in the uncrushed series are within 0.2 per cent 
of the average of all, but 62.5 per cent of those in the 
crushed series are within 0.1 per cent.* The whole range, 





+ This is not apparent from the diagram because each division is 0.2 per 
cent, but the fact is that all the tests in the columns next to the average were 
within 0.1 per cent. Notice also the characteristic unbalance, more than 
half the tests being on the low side of the average in each case. 
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from high to low, in the uncrushed series is greater. 
Thus, it can be seen, that starting with two equally good 
gross samples, any one of the sixteen portions which 
might have been taken as the final sample from the series 
obtained without crushing, would have been a less re- 
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liable index of the quality of that lot of coal, than any 
one of those obtained from the portions which had been 
crushed during the sampling process. The range of 
variation would have been very much less if the entire 
gross sample had been crushed before it was divided. 


Tests of Two Portions of Same Gross Sample Are Not What 
They Seem to Be 


This serves to illustrate what happens when a gross 
sample is divided, and, one portion of it is reserved for 
testing, in case some question arises as to the first analy- 
sis. All that two such tests furnish is an indication as 
to whether the method used in dividing the sample was 
adequate. As can be seen from the diagrams, any one of 
the sixteen portions of either gross sample could have 
been sent to the laboratory as the original sample, and 
any one of the others could have been the reserve portion. 
In one case, they would be much more likely to agree 
within close limits than in the other, although both groups 
came from equally good gross samples. And neither 
one of either pair of samples, standing by itself has any 
greater validity than the other. 

Furthermore, the testing of two portions of the same 
gross sample gives absolutely no indication as to whether 
the gross sample properly represented the quality of coal 
in the lot. Unfortunately, in such instances, it is sup- 
posed that a close agreement between the tests of two 
portions of the same gross sample indicates accuracy of 
the whole sampling process, or that disagreement means 
inaccurate work in the laboratory. Neither of these con- 
clusions has any basis, as can be readily seen, when the 
nature of the process of sampling is understood. If there 
is some question about the results of the original sample 
and test, the whole sampling procedure should be re- 
peated, and the second sample tested in the same labora- 
tory. Nothing is gained by having two different labora- 
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tories test two different samples, or two portions of the 


same gross sample. 
question. 

What limited meaning the tests of two portions of the 
same gross sample have is simply this: Recognizing 
that nothing will be revealed as to the adequacy of the 
gross sample itself, and knowing that there will be a 
certain amount of variation in the test results obtained 
from several portions of it (the degree of variation de- 
pending upon how the sample has been crushed and 
divided), tests of two portions, taken together, are likely 
to be more accurate than either one alone, three more 
accurate than two, and so on. 

If the question is one of laboratory accuracy, that can 
only be checked by having two or more laboratories 
work on portions of a finely pulverized sample. This 
kind of checking is repeatedly done among some of the 
specialized fuel testing laboratories in collaboration, 
though unknown to the general public. 


A.S.T.M. Standards for Sample Division 


As a general principle, coal in the gross sample should 
be crushed to the smallest practicable size for the largest 
piece, at as early a stage as possible in the process of 
sample reduction. The American Society for Testing 
Materials prescribes the following standard: 


That merely befogs the whole 


Do not divide the sample Before crushing so that the largest 


below: piece is not larger than: 
1,000 Ib 1 in. 
500 Ib 3/4 in. 
250 Ib 1/, in. 
125 lb 3/, in 
60 Ib 1/, in. 
30 Ib 3/16 in. or to pass a 4-mesh screen 


If the gross sample is only about 60 Ib in the first 
place, one should break all the coal in the sample down 
to a maximum of !/, in., before the next division. 
It is important to observe these rules strictly in sampling 
coals which are naturally high in ash or sulphur. Some 
small liberties can be safely taken, for ordinary routine 
plant sampling, in the case of the higher quality coals, 
but any relaxation of these standards should be avoided 
if possible. 


New A.S.T.M. Sampling Procedure for Commercial 
Purposes 


The new sampling procedure for bituminous coal 
varies according to (1) the per cent of ash; and (2) size 
of the coal, as follows: 


Not less than 15 increments for coal having less than 8 per cent 
ash 

Not less than 20 increments for coal of 8 to 9.9 per cent ash. 

Not less than 35 increments for coal having 10 per cent ash or 
more.* 


If it is not known about what percentage of ash to 
expect in the coal being sampled, it is advisable to err 
on the side of safety and take the larger number of in- 
crements. 

The minimum weight of each increment, prescribed 
for each size of coal, is as follows: 


2-lb increments for 5/s-in. slack or smaller 
4-lb increments for coal having a top size larger than 5/, in. but 
not over 1!/, in. 
6-lb increments for coal having a top size larger than 11/, in. 
but not over 2 in. 
10-lb increments for nut coal, having a top size from 2 to 6 in. 





‘ For special purpose sampling, requiring greater accuracy, the number of 
increments is multiplied by five, but in most cases this results in a gross sample 
too large to be properly divided to preserve its accuracy, in ordinary industrial 
practice. A more practical alternative is a group of smaller samples, as sug- 
gested elsewhere in this article. 
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The accuracy of the gross sample will be increased if 
either the number of increments or the weight of each 
increment is increased, but one is more likely to affect 
the accuracy favorably by increasing the number of in- 
crements, than by increasing the weight of each. While 
it is always better to take a few more than to limit one- 
self to the prescribed minimum, it should also be under- 
stood that no great gain in accuracy is obtained, unless 
the number is multiplied several times. And do not 
make the mistake of thinking that you can compensate 
for a smaller number by taking correspondingly larger 
increments; that is, four 20-lb increments do not make 
anywhere near as good a gross sample as twenty 4-lb in- 
crements. 


Other Considerations for Good Sampling 


There are one or two other simple requirements for 
good sampling. The best samples are obtained from 
coal in motion, that is, while it is being unloaded or 
conveyed from one place to another, or as it is discharged 
from a bunker. Whether the coal is in motion or at 
rest, the increments should be spaced as evenly as pos- 
sible over the whole quantity of coal being sampled. If 
the coal is at rest, in a pile, or a car or barge, the incre- 
ments should be taken from a number of locations and 
from different levels. This is particularly important in 
sampling coal in a large pile, because there is usually a 
concentration of lumps around the edges. In general, 
it is better to leave these lumps alone, and take the in- 
crements from various locations farther up on the pile. 

Good commercial sampling, which will produce results 
within the pattern of variation indicated by the diagrams 
at the beginning of this article, is really not difficult, if 
the general principles outlined here are understood and 
applied. It should be remembered, however, that after 
the sample is delivered to the laboratory, it must be still 
further crushed and finally pulverized before the various 
laboratory tests are made, and that how this additional 
crushing and dividing is done governs whether the ac- 
curacy which should result from the sampling is pre- 
served. Variations which result from the conduct of 
laboratory tests themselves, in any experienced fuel- 
testing laboratory, are extremely small (barring an 
outright error of observation) and of almost no practical 
significance, but the preparation of the sample for the 
testing work is very important. 


Principles to Keep in Mind When Using Laboratory Coal 
Tests 


1. Try to learn to think in terms of reasonable proba- 
bility, but don’t let that one-in-a-hundred chance upset 
your judgment and unsettle your confidence in the other 
99. That one-in-a-hundred test may never happen to 
you, but if you suspect that it has, and anything impor- 
tant depends on it, go about it in a logical way to clear 
up the doubt. 

2. Remember that as between any two tests, unless 
there is some known difference in the methods used in 
sampling or in testing, neither has any more validity 
than the other; that two tests furnish just twice as 
much information as one, and three are better than two. 

3. Whether tests of two parts of one gross sample 
agree closely or not depends chiefly upon when and how 
the sample was divided, and tells nothing as to how 
nearly representative the gross sample itself was. 
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4. Any single laboratory test of coal should be used 
solely as a measure of the quality of that one lot. For 
predicting the quality of any other shipment of the 
same coal, or of the average of a series of shipments, it 
has little real value. 

5. Any individual test has slightly more than an 
even chance of representing the quality as better than 
the true value. The one-in-a-hundred maximum devia- 
tion is just a little more likely to be on the low-quality 
side, and the quality of any one shipment has this same 
relation to the average quality of a series of shipments. 

6. An average of one series of shipments is a very 
accurate basis of predicting the average quality of an- 
other series of shipments of the same coal, and for pre- 
dicting the chance of any one shipment deviating from 
that average quality by any significant amount. The 
pattern of variation among a series of shipments should 
be known when any specific limit must be placed upon 
any of the items in the test, either because of some process 
requirement, or of a strict specification contract. 

7. And finally, whatever use is made of laboratory 
coal test data, see that it corresponds to the kind of data 
you are working with, or conversely, get the kind of data 


you need for the purpose. 


Note: In writing this and the preceding article, the author’s aim has 
been to present the main outlines of the subject in a way that would be as 
easy as possible to read and be comprehended by those who use laboratory 
coal tests in one way or another, but who have neither the time nor the in- 
clination to study statistical mathematics. For those who would like to study 
the subject the publications of the British Standards Institution are replete 
with mathematical theory and experimental data. An a review of 
the subject will be found in ‘‘A Decade of Sampling’ by S. Grumell 
(A.I.M.E. Technical Publication No. 1044). Dr. Grumell 4  E. the leader 
in this research in England. ‘‘Variables in Coal Sampling’’ by Morrow and 
Procter (A.I.M.E. Trans. 1936) contains a large amount of experimental data, 
and ‘‘Statistical Interpretation of Laboratory Coal Tests and Sampling 
Methods” by G. B. Gould (A.I.M.E. Trans. 1938) discusses both the theory 
and its application, with additional experimental data. 








Armour and Lewis Institutes to Form 
Illinois Institute of Technology 


It was announced on October 26 by James D. Cunning- 
ham, Chairman of the Board of Trustees of Armour 
Institute of Technology, and Alex. D. Bailey, Chairman 
of the Board of Lewis Institute, that their respective 
institutions had entered into an agreement to consolidate 
into a new and greater technological center for Chicago. 

The name of the new school is to be Illinois Institute 
of Technology, with the background and reputation of 
the two component colleges recognized by maintaining 
their names as applied to its two divisions. 

The actual consolidation of the educational program 
will be complete by September 1940, and the balance of 
this year will be given over to planning an integration of 
activities. For the time being, it will be necessary to 
operate both the Armour and the Lewis establishments, 
but the complete development of the new center of 
technology contemplates the acquisition of a new, well- 
planned campus, conveniently located, to meet the needs 
of its broad objectives. 

The new institute will become one of the largest tech- 
nological centers in the world, with a total enrollment of 
7000 day and evening students and its budget contem- 
plates an annual expenditure of one and one-quarter 
million dollars for education and research. 

Lewis Institute was founded as the result of the will 
of Allen C. Lewis who, at his death in 1877, left his 
entire estate for the establishment of a first class poly- 
technic institute. Armour Institute of Technology was 
founded by Philip D. Armour in 1892. 
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Flow Over Tube Banks 


Studied 


In view of investigations that have been 
conducted within the last two or three 
years on the cross flow of air over tube 
banks,! by measurements of volume, pres- 
sure difference and temperature, the 
photographic studies of water passing over 
such banks as carried out at Imperial 
College (London) are of special interest. 
These latter investigations are reported 
in a current paper before the Institution 
of Mechanical Engineers, and we are in- 
debted to Engineering for the photographs 
here reproduced. 


N THE investigations carried out in the civil engineer- 

ing department of Imperial College, London, eight 

different tube bank arrangements were employed. 
Four of these involved tubes in line with different spac- 
ings; three had staggered tubes and one staggered 
elliptical tubes. The tubes used were 4.2 cm (1.65 in.) 
diameter and the velocity of flow under 5 cm per sec. 
The banks were placed in a tank and water, over which 
had been sprinkled aluminum powder, was caused to 
flow over the tubes. A diffuser was employed at the 
water inlet to avoid disturbances in the flow. Photo- 
graphs were then made of the various flow patterns as 





1 For report of investigations made at Rensselaer Polytechnic Institute see 
paper by Orville L. Pierson, A.S.M.E. Transactions, October 1937; and for 
results of tests at Delft College of Engineering (Holland), see Comsustion, 
September 1939. 


Photographically 


the water passed through the tube bank. A number of 
these are here reproduced. 

The conclusions to be drawn from these photographs, 
as expressed by the author, are that with parallel ar- 
rangements the main stream flows with continuous high 
speed in the flow lanes and retains a definite individuality 
as distinct from the eddying motion in the spaces behind 
the tubes. By increasing the transverse pitch the ve- 
locity is reduced in the flow lane and, in consequence, the 
mean speed in the eddies. The number of eddies present 
in the dead-water regions is to some extent determined 
by the longitudinal pitch. When this equals 1.8 di- 
ameters two large eddies are usually present, whereas 
with a longitudinal pitch of 2.6 diameters three or even 
four eddies can be seen simultaneously. With longer 
longitudinal pitch the eddies are less rigidly held at the 
back of the tubes and float more freely downstream. 

Such motions also occur in staggered nests unless the 
transverse pitch is less than twice the longitudinal pitch. 
Furthermore, with less transverse pitch the dead-water 
regions are constricted and no longer extend from one 
tube to that directly behind it. In the extreme case 
with close pitching the dead water appears only as a 
very small triangular prism attached to the back of 
each tube. Both for circular and elliptical tubes par- 
ticular spacings were found in which the dead water 
was a minimum and the main stream flowed without 
noticeable eddying. 

Certain photographs, taken with a small amount of 
aluminum powder, disclosed that the speeds of the eddies 





Fig. 1—Short exposure showing 
main flow but little detail. 
Transverse pitch 1.5 diameters; 
longitudinal pitch 2.6 diameters 
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Fig. 2—Short exposure with large 
amount of aluminum powder. 
Spacing same as in Fig. 1 


Fig. 3—Flow pattern disclosed by 

long exposure and considerable 

aluminum powder. Spacing 
same as Fig. 1 
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Fig. 4—Showing effect of shorter Fig. 5—Effect of longer longi- Fig. 6—Staggered nest with re- 


longitudinal pitch. Transverse tudinal pitch. Transverse pitch duced transverse pitch. Trans- 
pitch 2 diameters; longitudinal 2 diameters; longitudinal pitch verse pitch 1.5 diameters; longi- 
pitch 1.8 diameters 3.4 diameters tudinal pitch 1.3 diameters 


in the dead-water region often reach 
half that in the gap and are consid- 
erably greater than that in the 
original free stream. The author 
cautions that it is well to bear this 
in mind, when considering the pres- 
ent investigations in connection 
with heat-transfer problems; other- 
wise the term ‘‘dead water’’ might 
misleadingly suggest that the part 
of the tube wall in contact with it 
transferred no heat. 

It is possible with staggered tubes, 
by reducing the longitudinal pitch, 
to make the diagonal spaces be- 
tween the tubes half that of the 
transverse distance and thus elimi- 
nate most of the dead water. 
This is demonstrated in Fig. 7, from 








eas : . Fig. 7—Effect of close longi- Fig. 8—Flow pattern with ellipti- 
which it will be seen that all which tudinal pitch. Transverse pitch cal tubes 
remains of the dead water is a very 1.5 diameters; longitudinal pitch 
small triangle immediately behind 1 diameter 
each tube. 











IT’S NO SECRET! 


Thanks to their patented wT " Tw 


shape the rotors of the — a, a 


panies a ae, are, 
De Laval-IMO Oil Pump ~ a 





do not need synchronizing 





gears. Ask for Catalog |-48 


ed's e)| ae DE LAVAL STEAM TURBINE CO., TRENTON, N. J. 




















COMBUSTION—November 1939 39 








Testing Dust-Separating 
Apparatus 


A tentative Test Code for Dust-Separat- 
ing Apparatus has been prepared as a part 
of the A.S.M.E. Power Test Codes. This 
will be submitted for discussion at a public 
hearing on December 4, during the forth- 
coming Annual Meeting of the Society in 
Philadelphia, and is subject to revision. 
The Code covers approximately 20 printed 
pages, hence only brief excerpts can be 
given here such as to acquaint the reader 
with its scope and the methods prescribed. 
The importance of the subject, in view of 
the greatly increased use of dust-recovery 
equipment in power plants, warrants wide 
attention to its provisions. 


dust-separating apparatus installed for operation in 

conjunction with solid-fuel-fired furnaces. It pro- 
vides mandatory rules for determining the performance 
of the apparatus with regard to one or more of the follow- 
ing: 


| ss code is designed to cover tests on all types of 


(a) The overall efficiency of the separator. 

(6) The efficiency of separation according to size of 
particle. 

(c) The resistance to gas flow; i.e., the pressure loss in 
the separator. 

(d) The dust concentration at the inlet and outlet of 
the separator. 

(e) The size analysis of the dust entering, leaving and 
caught by the separator. 

(f) The combustible content of the dust entering, 
leaving and caught by the separator. 

(g) The quantity of gas passing through the separator. 


Determination of the dust count, which is extensively 
used as a measure of atmospheric dust pollution, is out- 
side the scope of the code, the efficiency of dust separation 
being based entirely on weight, not on count. 

“Dust” is defined as particles of gas-borne solid matter 
larger than one micron in mean diameter. The larger 
gas-borne particles (over 100 microns), which are a prod- 
uct of combustion of solid fuel are usually referred to as 
“cinders,” but they come under the general heading of 
dust. The term “fly ash,’ although quite generally 
employed, is nevertheless improperly used inasmuch as it 


ignores a fundamental concept that ash contains no 


combustible, and therefore is not used in this code. 
Smoke, as distinguished from dust, is the result of in- 
complete or arrested combustion of the volatile con- 
stituents of fuels, and usually consists of particle sizes 
smaller than 1.0 micron. Soot is defined as agglomerated 
smoke particles. 
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Methods of Testing 


Three methods of determining the performance of dust- 
separating apparatus are sanctioned by the code. 

MetTHopD A. This method is based on the determina- 
tion of the average dust concentration at the inlet to the 
separator and at the outlet of the separator. From these 
data the efficiency can be computed in accordance with 
the equations given, which are based on the assumption 
that no change in the mass of gas flowing takes place 
between the two sampling locations. It is not necessary 
with this method to know the gas flow rate or total 
quantity passing through the separator for the duration 
of each run, nor is it necessary to weigh or sample the dust 
caught. 

METHOD B. This method is based on the quantity of 
dust caught, the dust concentration at the outlet of the 
separator, and the total quantity of gas passing through 
the separator. Obviously, this method can be applied 
only to those installations where the dust can be removed 
from the hopper in the dry state for the period of each 
test run. Also, it is necessary to be able to measure the 
total quantity of gas passing through the separator with 
reasonable accuracy in order to correlate the average out- 
let dust concentration with the total quantity of dust 
caught. 

Metuop C. This method is based on the quantity of 
dust caught, the dust concentration at the inlet of the 
separator, and the total quantity of gas passing through 
the separator. The other factors relative to measure- 
ment by this method apply as in Method B. 

There are two other possible methods of determining 
efficiencies: (1) by weighing the dust caught and esti- 
mating the total quantity of dust entering the separator 
from the coal fired, its ash content, and the unburned 
combustible in the dust; (2) by estimating the quantity 
of dust entering the separator as in (1), and using the out- 
let dust concentration and gas-flow rate. Neither of 
these is considered accurate enough for acceptance tests, 
and shall, therefore, be used only if Methods A, B and C 
are impracticable, and even then only by agreement of 
the parties to the test. 


Preparation for Test 


Care should be used in selecting the best possible sam- 
pling cross-sections of the flue near the inlet and outlet of 
the separator. A straight run of duct preceding the 
point of measurement is preferable; when this is not 
available, avoid locations near sudden changes in area or 
direction of the flue, especially 90-deg bends. The inlet 
duct of an induced-draft fan may be preferable to the 
outlet duct for the reason that a fan in operation acts as a 
separator to a considerable extent. That is, the passage 
of dust-laden gas into and through a fan wheel tends to 
concentrate dust at the periphery of the casing scroll and 
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at a point adjacent to the back plate or center plate of the 
wheel, thus causing a condition of stratification, as well as 


turbulence, to carry into the outlet duct. Vertical flues 
or ducts are generally preferred as a location for measure- 
ments, as a further preventative of stratification. 

Vanes or other apparatus used for straightening air 
flow in ducts sometimes have the opposite effect on the 
dust particles, since they may enhance or intensify the 
degree of stratification. The only satisfactory means for 
combating wide differences in velocity or stratification 
over the sampling cross-section is to use more sampling 
points. 

Where the flow is fairly uniform, with not in excess of 
100 per cent variation, from twelve to twenty points can 
be used for the larger flues (exceeding 25 sq ft area) and 
from eight to twelve points for the smaller flues. 

Where high velocity differentials or extreme turbulence 
of stream flow are encountered, it will be found necessary 
to double and sometimes to treble the number of points 
required in order to establish true conditions. 





Number and Duration of Runs 
The number of runs is usually determined by the 
number of loads or other operating conditions at which 
guarantees are made. The duration of the runs, unless 
otherwise agreed to, shall be governed by the number of 
sampling points and the number of samplers operated at 
each sampling cross-section. The samplers shall be 
operated ten minutes at each point and there shall be at 
least two complete circuits of the points. However, the 
minimum length of test shall be two hours unless agree- 
ment to the contrary is made. 


Necessary Instruments 


The instruments and test apparatus required are as 
follows: 

(a) Pitot tubes for gas-velocity measurements in the 
flues. 

(6) Dust samplers,' nozzles and dust collectors for 
determining the dust concentration. 








Fig. 1.—Method of dividing flue or stack into measuring areas or zones 


Points indicate location of pitot tube where wide velocity range requires close readings. 


If preliminary 


traverse shows fairly uniform gas velocities the number of points may be reduced to one-fourth. 


Rectangular or square-shaped flues, Fig. 1 (left), shall 
be divided into cross-sectional measuring areas or zones 
of approximately equal size and shape, and which in 
number correspond to the number of sampling points 
thought to be necessary according to the physical condi- 
tions’ of the ducting and survey of velocities and direction 
of flow of the gas stream. A “point’’ for sampling the 
gas will be located at the center of each zone area. 

Round flues, Fig. 1 (right), shall be similarly divided 
into measuring areas. The procedure to be followed 
first requires division of the flue area into three concentric 
areas with outer diameters of '/3, ?/3 and */; of the flue 
diameter. Division of the inner area, or circle, shall be 
as quadrants with a sampling point in the approximate 
center of each quadrant area. Division of the middle 
and outer concentric areas shall be fixed according to 
radial lines with circumferential spacing such that size of 
the individual measurement zones in each will be of ap- 
proximately equal area. 

Since guarantees are usually made for steady operating 
conditions, it is impossible to make a true comparison 
between guaranteed and test performance unless the 
operating conditions are maintained virtually constant 
during each run. Constant gas flow, temperature and 
dust concentration are dependent upon the operation of 
the steam-generating unit which the separator serves. 
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(c) Metering devices, which are usually orifices or gas 
meters for determining the gas-sampling rate. 

(d) One or more exhausting devices for withdrawing 
the gas. 

(e) Thermometers or thermocouples with their tem- 
perature indicator for measuring the gas temperatures in 
the flue and at the orifices or gas meters. 

(f) Inclined manometers for use with pitot tube in 
reading the velocity pressures. 

(g) Inclined or vertical manometers for indicating the 
pressure drop across the metering orifices. 

(h) Vertical mercury-filled manometers for measuring 
the static pressure at discharge of the metering orifice. 

(t) Vertical water-filled manometers for measuring the 
static pressure in.the flue and the pressure drop across 
the dust separator. 

(j) A laboratory-type balance for weighing the dust 
samples. 

(k) A drying oven for removing moisture from the dust 
samples and the filters before weighing, and a dessicator 
to hold the samples while cooling after drying and before 
being weighed. 

(2) A set of standard sieves (8-in. diameter) of the 
following sizes: ‘60, 100, 200 and 325 mesh. 





1 The Code as printed contains detailed procedures for operating samples 
at fixed points and in continuous traverse of points. 
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(m) Equipment for obtaining correct size distribution 
by sieving or elutriation. In all cases where accurate re- 
sults are desired, the foregoing methods should be supple- 
mented by microscopic examination, especially for parti- 
cle sizes smaller than 200 mesh, 74 microns. 

(x) A small riffle sampler with 8/s- or '/s-in. divisions 
for reducing the dust samples. (Desirable ‘but not 
necessary. ) 

(0) A’platform scale or similar weighing equipment for 
determining the amount of dust caught when it is prac- 


at each sampling cross-section of the flue. The duration 
of the runs is dependent upon the number of sampling 
points which in turn is dependent upon the uniformity of 
gas velocity and dust concentration over the sampling 
cross-section of the flue. The ideal arrangement is to 
have a sampler located at each sampling point, but this is 
quite impractical. However, by using at least two sam- 
plers at each cross-section, the comparison of their 
operation often aids in detecting trouble which might 
otherwise pass unnoticed. 
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Fig. 2—Typical sampling devices 
ticable to remove it in the dry state from the separator Efficiencies 


hopper. 

(p) Orsat equipment for flue-gas analysis, if this 
method is to be used for determining the gas flow through 
the dust separator. 

A number of different types of dust samplers have been 
developed and successfully used which embody the fore- 
going requirements. Fig. 2 shows several representative 
types. 

One or more samplers shall be operated simultaneously 
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The efficiency of the dust-separating apparatus shall be 
computed from the sampler data as follows: 


Z. 532 X 100....per cent 
my, 
where m, and mz, the inlet and outlet dust concentrations, 
respectively, are computed on the basis of the same total 
weight at both the inlet and outlet measuring cross- 
sections. 
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For a test where no sampling is done at the inlet to the 
dust separator, the efficiency being determined from the 
dust caught and outlet samplers (Method B), the total 
quantity of dust escaping the separator is, 


= mW, 


Wa 1000 





where, mz is the outlet dust concentration and W, the 
gas flow through the separator, and the efficiency by this 
method is, 


Wa x 100.. 


a 
Wa + Wa 


. per cent 


where W,, is the quantity of dust caught by the separa- 
tor. 

For a test where no sampling is done at the outlet of 
the dust separator, the efficiency being determined from 
the dust caught and inlet samplers (Method C), the total 
quantity of dust entering the separator is, 





mW, 
Wa = a Ib 
@ ~~ 3000 
and the efficiency by this method is, 
W, 
Ra = X 100. ..... er cent. 
Wa 


Since the overall efficiency of dust-separating apparatus 


is largely dependent upon the size analysis of the dust, | 


it is customary to compute the efficiency by size from the 
overall efficiency and the size analysis. This is obtained 
as follows from the inlet and outlet samples: 








; 100 — E) ., 
Sieg ~ TE Hie 
(100) 
E+ = Ga — X 100. .per cent 
+ 60 
and 
100 — E 
Gisela: eae Paes 
(100) 
E~o +10 = , x 
S’— 60 +100 
100. . per cent 


etc., for the other sizes. 
From the dust caught and the outlet samples, the effi- 
ciency by size is obtained as follows: 


E 








a 
100 
E+ = 53 3 (100 — ~ X 100....percent 
—. (100) — 


where S’, S” and S’’’ represent, respectively, size analy- 
sis for the inlet, outlet and caught samples. For ex- 
ample, S’—¢0+100 means the percentage of the inlet sample 
that passes through a 60-mesh but is held on a 100-mesh 
sieve. 


E 





—S"""— 69 + 100 
| aoe x 
E Sse 4. (100 a E) gw» 
100 60 +100 (100) — 60 +100 
100. .per cent 
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| (Have you ever wondered?) | 


—whether or not, after all, you were making the 
best choice in your coal buying decisions? 
Whether or not you had enough information of 
the right kind, considering the amount of 
money involved? Whether you might not be 
wasting too much time (and sometimes money) 
trying to get the facts by trying this and trying 
that—never knowing for sure that there 
wasn’t some better choice just out of sight ? 


4 
4 





There are so many possible alternatives open 
to the industrial coal buyer, and so much 
fragmentary and unrelated information to work 
with. For thirty-two years the staff of the 
Fuel Engineering Company has been system- 
atically building up its own organized records 
of the quality and performance of individual 
coals, used under all kinds of conditions, and 
with every kind of coal-burning equipment. ‘ 





Special methods of steam plant analysis, in 
the field, have been evolved to determine just 
what limitations a plant and its operating 
conditions place upon the choice of coal. 
Actually a total of hundreds of years of plant 
operating data has been accumulated. 


Many industrial corporations employ this : 
accumulated experience and the men back of : 
it, to assist their purchasing and engineering oy 
departments to buy the right coal, at the right 
time, at the right price. They have found 
that these consulting services are not only an 
important factor in the job of keeping fuel costs 
down, but that they save the time of their 
own department heads, make coal selection 
simpler but more certain, and make coal buy- 
ing more stable, without sacrificing alertness. 


Those trial purchases and plant tests, which 
proved fruitless and which were only made be- 
cause there was not enough reliable information 
available in advance, are avoided by previous 
sorting out of good values, based on fuel- 
engineering analysis of each plant, detailed 
knowledge of the coals, and familiarity with 
fuel market conditions. 


A preliminary discussion of your coal buy- 
ing with one of the senior members of our con- 
sulting staff, can always be arranged, at our 
office or at yours, without placing you under 
any obligation. 


a 


FUEL ENGINEERING COMPANY 
OF NEW YORK 


FUEL AND POWER CONSULTANTS 
215 Fourth Avenue e@ New York, N. Y. 
CE ART ET ES PANE SITET ERED EOE LER: 8 AEBRUETE a 
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STEAM ENGINEERING ABROAD 


As reported in the foreign technical press 





A French Rotating Boiler 


Warmewirtschaft of August 1939 describes a revolving 
boiler and turbine unit of French design which has 
undergone tests by the French military authorities. 
The operating principle is similar to that of the Hiittner 
turbo-boiler;! but instead of both the boiler and the 
turbine revolving in opposite directions, the turbine 
wheel is stationary and only the boiler revolves, the 
generator being mounted on an extension of the boiler 
shaft. The arrangement appears much simpler than 
the Hiittner design. 

Referring to the sketch, the series of hollow disks a 
are mounted on a shaft. These communicate by means 
of passages b, close to the shaft. Within the hollow 
disks are flat disks c, attached directly to the shaft, 
which serve as partitions around which the fluid is 
obliged to pass. Feedwater is introduced through the 
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Sketch of Bechard rotating boiler-turbine unit 


hole d in the shaft and enters the first of the hollow 
disks. Superheated steam leaves the last of these disks 
and, through passages and nozzles e, impinges on the 
turbine blades f. The nozzles are provided with valves. 
The turbine wheel is rigidly attached to the housing and 
the reaction between the impinging steam and the sta- 
tionary blades causes the boiler to rotate. 

Heat is applied from below and the hot gas is baffled 
so that its flow is counter to that of the working fluid 
within the boiler; that is, the last hollow disk, containing 
superheated steam, is exposed to the hottest gas. 

The lower half of the boiler is filled with water, and 
heat applied. Steaming begins in the last (right-hand) 
hollow disk and as the pressure rises the water is forced 
back into the left-hand disks. When the steam valves 
ahead of the nozzles are opened the boiler begins to 
revolve and the centrifugal action forces the water 
toward the periphery of the disks, while steam forms at 
the inner portions. The combination of centrifugal 
force, flow of steam and difference in temperature pro- 
duces circulation of the fluid from the colder to the 
hotter part of the boiler. A feed pump is not required. 

The unit tested produced 50 hp at 425 Ib pressure and 
1800 rpm. 


1See ComBustTion, September 1939. 
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Boiler Efficiency Meter 


Warmewirtshaft for July 1939 contains a description 
and performance records of an instrument which auto- 
matically indicates or records the instantaneous ef- 
ficiency at which a boiler is operated. The apparatus 
was developed by W. E. Germer of Berlin-Charlotten- 
burg and is said to be of sufficient accuracy to enable the 
operator to correct immediately any deviation back to the 
best working efficiency. 

The theoretical basis for the design is expressed in the 
following formula, which involves all the losses of the 
boiler and furnace: 








100 — a 
Effici = 
ciency sa Ri ~ Olen 
Dt — ts) 
where 
a = losses through radiation, unburned carbon 


in the ash, soot and miscellaneous losses 
divided by the energy in the fuel 
= quantity of flue gases, cu m per sec 
R; = temperature of the flue gases, deg C 
t = temperature of the air, deg C 


Cpm= mean specific heat of the flue gases per cu 
m between zero C and R; 

D = steam output, in kg per sec 

4 = heat content of the steam 

ts = feedwater temperature 


The value of a is determined from experience for the 
grate or furnace loss, the soot loss and the radiation 
and miscellaneous losses with various fuels. These, 
except for the grate loss, are assumed as constant since 
they vary but little with change in load; the grate loss 
being assumed as an average for the loads involved and 
the particular fuel. 

The Germer method measures continuously the heat 
in the steam and the heat in the flue gases. Only that 
portion within the parenthesis of the denominator of the 
equation is then measured. It is assumed so far that 
complete burning occurs and that the presence of CO is 
unlikely where the boiler is operated with the aid of the 
efficiency meter. There is provided, however, a CO + He 
indicator which serves only in case of the presence of 
CO. Since each per cent of CO + Hp represents a 
definite percentage of the fuel energy, the CO + Hy 
indicator is provided with a second scale which shows 
directly, for a given CO, the correction for the efficiency 
indicator. 

For measuring the flue gases, Rm, a large parabolic 
nozzle is built into the breeching where it enters the 
chimney and the pressure drop measured between the 
entrance and the narrowest portion of the nozzle. The 
illustration shows the arrangement, the pressures being 
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measured at a and b at three different heights. The 
plus and minus pressures are carried to a very sensitive 
gas-holder type of flue-gas measuring device whose indi- 
cation is carried over to the instrument board. The 
draft loss through the nozzle is very small. 

The flue-gas temperature is measured by electrical 
resistance directly adjacent to the nozzle, as shown 
in the illustration, and is in direct connection with the 
electrical measuring device of the efficiency meter. This 
gives (R; — 2). 

The heat energy in the steam is determined by measur- 
ing the steam quantity, D, by any known means and, if 
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Arrangement of measuring nozzles and thermometers in 
the flue-gas ducts; a and 6 are the measuring points for 
the plus and minus pressures 


necessary, the feedwater temperature, /;. A mean 
value for the heat content of the steam, 7, for the operat- 
ing conditions, is assumed as constant. 

The efficiency meter receives continuous measure- 
ments of the values of the items in the denominator of 
the equation and converts these into the corresponding 
efficiency of the boiler unit which is indicated on a suit- 
able scale. 

Although an additional cost is involved in building 
the nozzle into the breeching, this is claimed to be offset 
by the reduction in boiler instruments required. 

The article discusses the advantages and the accuracy 
of the meter and shows in the following table a compari- 
son of the efficiency as determined by test and that 
recorded by the meter. 


COMPARISON OF TEST AND METERED EFFICIENCIES 


Steam Efficiency 
Trial Duration, Hr Tons per Hr CO: By Test By Meter 
1 7 74.93 13.3 88.16 87.25 
2 7 77.61 14.3 88.42 87.92 
3 6 94.46 15.6 88.17 88.50 
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Small Steam Generating Unit 


The Steam Engineer (London) for September describes 
a line of small steam generating units for outputs ranging 
from 300 to 2250 Ib per hr, designated as the ‘‘Vapor- 
Clarkson” type in which it is claimed that an average of 
one pound of steam per hour for each two pounds dead- 
weight of the unit is attainable. 

Referring to the cross-section it will be seen that the 
staggered tubes are arranged in a coil assembly so as to 
divide the combustion gases into narrow lanes. Firing 
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Cross-Section of Vapor-Clarkson steam generator 


is by means of an oil burner placed at the top of the 
combustion chamber, thus giving a downward flow to 
the gases, whereas the water circulation is from bottom 
to top. A very high heat release per cubic foot is 
claimed. A single motor operates the feed pump, fuel 
pump, magneto for ignition and the blower. These are 
shown in the assembled view. The amount of fuel sup- 
plied to the oil burner is automatically regulated in 
relation to the amount of water circulated and to the 
amount of combustion air delivered. 

Full steam pressure up to 300 lb is obtainable in three 
minutes and efficiencies up to 80 per cent have been 
obtained. 
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Assembled view of unit 














CEnco Burners) 


for all grades of Oil and Gas 


Efficient combustion; increased boiler capac- 
ity; wide flexibility in application; adaptability 
to all grades'‘of fuels; and simplicity in operation, 
are secured by the installation of ENCO BURN- 
ERS. 


Furnished in standard steam and mechanical 
atomizing types, either with or without air regis- 
ters, and for natural or forced draft, or a combina- 
tion of the two. 


The Enco interchangeable oil burner is made for 
mechanical, steam or air atomization in capacities 
up to 100,000 pounds of steam per hour. 


An ENCO Oil Atomizer used with any Pulver- 
ized Coal Burner, provides a dual fuel unit, which 
insures against the loss of steam when coal supply 
to burner fails for any reason. 


We have made many installations and would be 
glad to cooperate with those looking for better 
operation and assurance against loss of steam 
output. 


Write for Bulletin OB-37 describing ENCO OIL 
BURNING EQUIPMENT. 


THE ENGINEER COMPANY 


17 Battery Place, New York, N. Y. 














WE READ WATER 


Every drop of water has a story to tell us. We know how 
to read it and answer the many difficulties it is bringing your 
plant. The story tells a battle against efficiency . . . corro- 
sion, scaling, too much of this chemical, too little of that. 
We read it, tell the answer, and have the organic chemicals to 
correct the water. Known throughout the Nation are these 
Haering products... 

Chrom Glucosate 

For Corrosion Prevention 

Sodium Glucosate 

For pH Adjustment 

Sulpho Glucosate 

For Oxygen Removal 


Pyro Glucosate 
For High Pressure Boilers 


Beta Glucoside 
For Scale Prevention 


H-O-H FEEDERS 


For Accurate 
Proportioning 


Our laboratories in Chicago, 
and Wichita, Kansas, serve - 
you overnight. Send us 
your water problems; or 
write for our house organ 
“H-O-H LIGHTHOUSE” 


D.W.HAERING & CO. Inc. 
2308 $. Winchester Ave. 


CHICAGO 





























Power Development in Turkey 


With Turkey entering into the headlines on current 
European events, the power facilities of that country 
assume interest. According to the Electrical Review of 
London, Turkey has potential water power of about a 
million horsepower and abundance of good bituminous 
coal of which 2'/, million tons are mined annually. 
There are also deposits of anthracite, lignite and brown 
coal. 

The fact that about 75 per cent of the population is 
agricultural has been responsible for a relatively slow 
and small growth in power development. However, 
the present government has initiated two five-year plans 
involving the encouragement of industry and substantial 
increase in power facilities. 

The first city in Turkey to be electrified was Istanbul 
(formerly Constantinople) in 1914 at which time a 
12,000-kw steam plant was erected. By 1932 there 
were 54 power plants in service, approximating 100,000 
kw total capacity. This had increased to 141 plants by 
1937 and the per capita consumption of electricity had 
doubled in this five-year period. Plans are now being 
put into effect for electrifying 35 more cities and it is 
proposed to erect two large power stations, one at 
Chatalagzi in the Black Sea coal region, with 120,000 kw 
capacity, and the other at Kutahya with the same 
capacity. These two stations form a part of the govern- 
ment’s first five-year plan. The second five-year plan 
calls for the building of about one hundred new mills 
and factories having individual power plants ranging 
from 500 to 3000 hp. Heretofore, about 80 per cent of 
the power-generating equipment has been imported from 
Germany. 


War’s Effect on 
London’s Electrical Load 


The Electrical Review of October 13, commenting on 
the effect of the war on London’s electrical load, cites 
the factors that have been responsible for a very marked 
falling off in electrical demand. Among these are the 
absence of the usual street lighting and electric signs, 
the absence of shop window lighting and the exodus of 
women and children from the city which has resulted in 
a large reduction in domestic consumption. In the 
face of this decreased load, resulting in lower revenues, 
the utilities are confronted with increased operating 
costs due to higher fuel costs, expenditures for protection 
against air raids and war risk insurance. This situation 
has led to some agitation for higher rates. 


French Power Statistics 


Statistics on the production and distribution of elec- 
tricity in France for 1937, together with certain figures 
for 1938, are contained in a report issued by the French 
Ministry of Public Works. The total installed capacity 
in plants supplying electricity for public consumption is 
given as 11,267,866 kva of which approximately one- 
third represents water power. However, of the total 
energy produced, 54.4 per cent was generated by water. 

The average coal consumption for all the steam sta- 
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tions in 1938 was 1.63 lb per kilowatt-hour, although in 
the Paris district, which includes the more modern in- R li FYE- HYE 
stallations, this figure was considerably lower, namely, = lance 

1.34 Ib per kilowatt-hour. 


The electrical consumption in France increased from 
225 kwhr per capita in 1925 to 390 kwhr in 1937. 





assures you safe, convenient, 
Water Stored in Cement-Lined Tanks | accurate water level reading 


Increases in Hardness down at eye level 


YE-HYE’s A-B-C simplicity gives you 


Warmewirtschaft of July 1939, warns operators of confidence in its dependability. Only 





power plants having water-storage tanks lined with three Ser 3 <t -install amare ne 

; “e j a “A” — the Unitemp at the boiler drum 
concrete that if the surface is not completely water sconces BYB-HYEs eccusecy ender oll 
proofed the condensate stored therein will take up conditions. . .“B”— you bring two lines 
marked quantities of lime from the concrete, which will of tubing down around girders, corners, 


contribute to the hardness. Likewise, a prepared alka- piping And “C= so, =o 





line feedwater will absorb lime from the concrete, at |  itselfis simply a“U” tube dif- 

least from fresh concrete, and will become harder. ferential pressure gage, with 

: : | special green indicating fluid 

For example, a water partially softened by lime and | illuminated for quick error- 
soda left the preparation plant with a total hardness of | proof reading. 

» ; > y ; | EYE- HYEi d d. bl n- 

41 ppm. _ After being stored for five days in a new | sta Prt = nrarers wa apm bee 

concrete-lined tank, which had previously been allowed | Hundreds now used in power 

9° : | plants, both stationary and marine. 

to set for the usual 28 days, it was found that the total | Install EYE-HYE on each boiler 

. Ss a 

hardness of the water had increased to 83.8 ppm; seven costly plant shut-dowas. Write to- 
: 99 + 4° ay for Bulletin 3 

days later it became 112.2 ppm and an additional two The Reliance Gauge Column Co. 

days brought it up to 115.8 ppm. | §902 Carnegie Ave © Cleveland, Ohio 





This added hardness of the feedwater may be further 


| 3@ 
precipitated out by sufficient alkalinity but it may then | Reliance 


cause foaming and priming at high boiler loads. 




















, MARKET QUOTATIONS 
are no good today. Similarly, facts 
about boiler and furnace conditions 
must be fresh—and accurate. 

There is instant response between the necessity for 
correcting combustion conditions and the actual adjust- 
ment when Hays Automatic Combustion Control is on 
the job. Also the results of the adjustment are electrically 
recorded so there is no time lost in getting the facts 
before the boiler room attendants. 

Hays control not only effects surprising economy in 
fuel but maintains the entire steam plant at the peak of 
efficiency. Steam pressure is maintained constant under 
wide variation in load. 

There is a Hays engineer-representative near you to 
inspect your steam plant without obligation and advise on 
cost and effectiveness of automatic combustion control. 
Much general information may also be freely obtained by 
writing 920 Eighth Avenue, Michigan City, Indiana 









Hays also makes draft 
gages, CO, meters and 
portable combustion test- 
ing instruments. 
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Do it the 
POSITIVE WAY! 


When scale must be removed from boiler tubes, the tool that does the 

most thorough job should be used. The vibratory DEAN TUBE 

CLEANER does not attempt to clean by chopping or grinding; it Special wag | od 314" x 4" Straight 
“rattles’’ the incrustation loose, removes it bodily—all of it! ater Tubes 





Dean Cleaners are operated by steam or air. There is a Dean model for every tube cleaning job. 


Write for Particulars 


THE WM. B. PIERCE CO., 51 N. Division St., Buffalo, N. Y. 
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BALANCED VALVE-IN-HEAD 


provides a valve action independent of element rotation—supplies 
full steam pressure necessary for full efficiency in reaching and 
cleaning all heating surfaces in present-day boilers. 


CHRONILLOY ELEMENTS 


made of austenitic high-temperature alloy have demonstrated longer low cost 
service life for Bayer Soot Cleaners. Write today for descriptive Bulletin No. 107. 


THE BAYER COMPANY 


4028 CHOUTEAU AVENUE ST. LOUIS, MO. 
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